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@ Process for producing optically active alfa-substituted organic acid and microorganism and 
enzyme used therefor. 

@ A process for producing an optically active a-substituted organic acid represented by formula (II), comprising 
the steps of (a) treating a racemic a-substituted nitrile or amide represented by formula (I) with a microorganism 
selected from the group consisting of the microorganisms of genuses Alcaligenes . Pseudomonas . 
Rhodopseudomonas, Corynebacterium , Acinetobacter . Bacillus . Mycobacterium , Rhodococcus and Candida , or 
preparations thereof; and (b) recovering the resulting optically active a-substltuted organic acid represented by 
^formula (II): 



CO 
CO 



Q. 

UJ 



H 



R2 



(I) 



wherein Ri and R2 each represent a halogen atom, a hydroxy! group, a substituted or unsubstituted alkyi 
group, a substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted alkoxy group, a 



Xerox Copy Centre 
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substituted or unsubstituted aryf group, a substituted or unsubstituted aryloxy group or a substituted or 
unsubstituted heterocyclic group with the proviso that Ri and R2 are different from each other; and X 
represents a nitriie group or an amido group, 



H 



R2 



■COOH 



(11) 



wherein Ri and R2 are as defined above. 
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PROCESS FOR PRODUCING OPTICALLY ACTIVE cr-SUBSTlTUTED ORGANIC ACID AND MICROORGANISM 

AND ENZYME USED THEREFOR 



FIELD OF THE INVENTION 



This invention relates to a process for producing an optically active a-substituted organic acid and 
5 microorganisnn and enzyme used therefor. 

Optically active a-substituted organic acids obtained by the process of the present invention are 
compounds useful as pharmaceutically active substances, such as antipyretic analgestic antiphlogistic 
agents; as raw materials thereof, such as antibiotics and ^-blockers; as agricultural chemicals, such as 
herbicides and insecticides or raw materials thereof: as raw materials for compounds having super dielectnc 
70 properties; and as optical resolving reagents. 



BACKGROUND OF THE INVENTION 
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Known processes for producing optically active a-substituted organic acids from racemic a-substituted 
nitriies or a-substituted amides by the biochemical action of microorganisms or preparations thereof include 
those processes disclosed in. for example, POT Patent Application No. 500004/1988 (WO 8607386) and JP- 
A-60-1 88355 (U.S. Patent 4.812,403) (the term "JP-A" as used herein means an "unexamined published 
Japanese patent application"). These publications also disclose that the microorganisms used for said 
processes can be used for the production of optically active amino acids from aminonitriles or amino acid 
amides. 

However, there are scarcely any known processes for producing optically active a-substituted organic 
acids other than amino acids from the corresponding racemic nitriies or amides by biochemical action. 
There are known only processes for producing optically active a-oxy acids from a-oxy acid amide 
compounds and specific hydroxynitriles. There are only three known microorganisms used for these 
processes That is. a bacterium belonging to genus Aeromonas, a bacterium belonging to genus Moraxella 
and a yeast belonging to genus Torulopsis (see. JP-A-61 -88894 and JP-B-54-14668 (the term "JP-B'* as 
used herein means an "examined Japanese patent publication")). 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a process for producing optically active a-substituted 
organic acids useful as raw materials in medical, agricultural and industrial fields from the corresponding 
racemic a-substituted nitriies or a-substituted amides by the action of microorganisms or preparations 

thereof. . u ^ t-v h 

It is another object of the present invention to provide microorganisms used for the above-descrioea 

40 process. ... *• n 

The present inventors have discovered microorganisms capable of exclusively forming said optically 
active a-substituted organic acids to achieve the above-described objects. As a result, the present inventors 
have found microorganisms which have the ability to convert racemic a-substituted nitriies or amides 
represented by formula (i) into optically active a-substituted organic acids represented by formula (II). 
Further it has been found that the optically active a-substituted organic acids formed by the action of the 
microorganisms are scarcely racemized. decomposed or utilized. The present invention has been achieved 

on the basis of these findings. 

Accordingly, the present invention provides a process for producing an optically active organic acid 

represented by formula (II), which comprises 

(a) treating a racemic a-substituted nitrile or amide represented by formula (1) with a microorganism 
selected from the group consisting of the microorganisms of genuses Alcaiigenes . Pseudomonos , 
Rhodopseudomonas . Corynebacterium . Acinetobacter , Bacillus . Mycobacterium . Rhodococcus and Candida. 

or preparations thereof; and 

(b) recovering the formed optically active a-substituted organic acid represented by formula (II): 
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H 



Rl C X (I)/ and 



R2 



H 



Rl *C COOH (II) 

In formula (I), X represents a nitrile group or an amido group. In formulas (I) and (II), Ri and R2 each 
represent a halogen atom, a hydroxyl group, an alky! group, a cycioatkyi group, an alkoxy group, an aryl 
group, an aryioxy group or a heterocyclic group with the proviso that the groups Ri and R2 are always 
different from each other. 



BRIEF DESCRIPTION OF THE DRAWING 



The Figure is a graph showing the progress of the production of 2-(4 -isobutylphenyl)propionic acid 
by using purified nitrilase, wherein the ordinate axis represents concentration and the abscissa axis 
represents reaction time. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention is discussed in more detail below. 

Examples of halogen represented by Ri and Ra in formulae (I) and (II) include fluorine, chlorine, iodine 
and bromine. As the alkyl group and the alkoxy group, those having from 1 to 8 carbon atoms are preferred 
and those having from 1 to 3 carbon atoms are particularly preferred. Preferred examples of the cycloalkyi 
group are those having from 3 to 8 carbon atoms and those having from 3 to 6 carbon atoms are more 
preferred. Examples of the aryl group include phenyl and naphtyl. Examples of the aryioxy group include 
phenyloxy and naphthyloxy. Preferred examples of the heterocyclic group are those having one or more 
hetero-atoms selected from among nitrogen, oxygen and sulfur and having from 3 to 15 carbon atoms, 
more preferably those having 1 to 4 of hetero-atoms. Examples of the heterocyclic groups include 
thiophene. indole, 
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and 




Hydrogen atoms attached to the carbon atonns of the alkyf group, alkoxy group, cycloalkyi group, ary! 
group and aryloxy group and hydrogen atoms attached to the carbon atoms and the nitrogen atom of the 
heterocyclic group may be optionally substituted by one or more substituent groups. Examples of suitable 
substituent groups include a halogen atom such as fluorine, chlorine, iodine and bromine, a hydroxy! group, 
a thiol group, a nitro group, an amino group, an aryl group (e.g.. phenyl or naphthyl group), an aryloxy 
group (e.g., phenyloxy or naphthyloxy group), a heterocyclic group containing one or more hetero-atoms 
such as a nitrogen atom, an oxygen atom and a sulfur atom and having from 3 to 15 carbon atoms, an alkyi 
group having from 1 to 8 carbon atoms, an alkoxy group having from 1 to 8 carbon atoms and an acyl 
group having from 1 to 10 carbon atoms. Hydrogen atoms attached to the carbon atoms of the above- 
described substituent groups and hydrogen atoms attached to the carbon atoms and the nitrogen atom of 
the above heterocyclic group may be further substituted by one or more of the above-described substituent 
groups. 

When either one of Ri and R2 is a highly sterically hindered group such as a halogen atom, an aryl 
group, an aryloxy group or a residue of a heterocyclic ring, or when either one of Ri and R2 is a group 
substituted by the highly sterically hindered group, products having very high optical purity can be 

obtained. . 
Typical compounds of formula (II), obtained by the process of the present invention, are illustrated in 

the following Table 1. 
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H 



2 , 3-Dibromo- 
BrCH2-*C-C00H propionic acid 



Br 



H 



F3C — *C-C0OH 

CH. 



3-Tr if luoro-2- 
methylpr op ionic 
acid 



H 



O — *C-C0OH 



CH. 



2-Phenoxypropionic 
acid 




2-( 2-Methyl-4- 
chlo rophenoxy ) - 
propionic acid 



H 

2-(2,4-Dichloro- • 
phenoxy ) propionic 
acid 



The compounds represented by fornnula (1) which are used as the starting materials in the present 
invention can be prepared by conventional methods as described, for example, in J P-A-5 1-70744, JP-A-51- 
122036, U.S. Patent 4,186.270 and Synthesis . 8, 645 (1986). 

The microorganisms which can be used Tn the present invention are those selected from the group 
consisting of the microorganisms of genuses Alcaiigenes, Pseudomonas . Rhodopseudomonas , Corynebac- 
terium, Acinetobacter. Bacillus . Mycobacterium . Rhodococcus and Candida . 

Specifically, the following microorganisms can be used. 
Alcaligenes f aecalis ATCC 8750. 

Pseudomonas fluorescens NRRL B-981 (IPG 3925) (the term IPG as used herein means the microorganism 

on deposit at the Institute for Fermentation, Osaka, Japan), 

Pseudomonas fluorescens IPG 3081, 

Rhodopseudomonas sphaeroides ATCC 1 11 67. 

Gorynebacterium nitrilophilus ATCC 21419, 

Corynebacteiium sp. KG-2-4 (PERM BP-2353), 

Acinetobacter sp. AK 226 (PERM BP-2451). 

Bacillus subtilis CN5 (PERM BP-2354), 

Mycobacterium sp. AC777 (PERM BP-2352). 

1 1 
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Rhodococcus sp. AK 32 (PERM BP-1 046), 
Pseudomonas vesicularis ATCC 1 1426, and 
Candida tropicalis ATCC 2031 1 . 

A live culture of the microorganism Rhodococcus sp. AK 32 is on deposit at the Fermentation Research 
Institute, Japan, under the above designated number,~The mycological properties thereof are described in 
European Patent 204,555 (1986). 

Corynebacterium sp. KO-2-4, Bacillus subtilis CN5 and Mycobacterium sp. AC777 were newly isolated 
as nitrile-utilizing bacteria from soil and are on deposit at the Fermentation Research Institute, Japan, under 
the above designated numbers. 

Actnetobacter sp. AK 226 has been already isolated to form unsaturated organic acids such as acrylic 
acid or methacrylic acid from the corresponding nitrile compounds (see, JP-B-63-2596 (the term "JP-B" as 
used herein means an "examined Japanese patent publication)). This strain is on deposit at the Fermenta- 
tion Research Institute, Japan. 

The mycological properties of Corynebacterium sp. KO-2'4, Bacillus subtilis CN5, Mycobacterium sp. 
AC777 and Acinetobacter sp. AK 226 are as follows: 
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On the basis of the above mycologica! properties, the taxonomic positions of these bacteria were 
determined according to Bergy's Manual of Determinative Bacteriogy, the 8th edition (1974) and the Manual 
of Clinical Microbiology, the 4th edition (1985). 

The KO-2-4 strain is a bacillus which does not form spores, aerobic, Gram-positive and catalase 
positive, is non-flagellate and does not have motility, it is clear that it is a strain belonging to the group of 
Coryneform bacteria, because it has such polymorphism that in the early stage of growth, it is rod and 
grown with snapping and then undergoes plastmotomy into rod form. Further, the strain is incapable of 
decomposing cellulose, is not acid fast. Is not an absolute aerobe and is negative in OF test. Thus, it can be 
identified that the KO-2-4 strain is a bacterium belonging to the genus Corynebacterium . 

The CN5 strain is mainly a Gram-positive bacillus and forms spores. Further, it is flagellate and mobile. 
Thus it is clear that the strain belongs to the family Bacillaceae. The CN5 strain is aerobic and catatase- 
positi've. Hence, the strain belongs to genus Bacillus . Further, the strain does not form gas from glucose, is 
capable of hydrolyzing starch, is positive in VP test, is capable of reducing nitrate, is grown at 50 C and in 
Bouillon broth containing 7% Naci and allows citric acid on Koser's citrate medium to be utilized. 
Accordingly, it can be identified that the strain is Bacillus subtilis . 

The AG777 strain is an aerobic Gram-positive bacillus, undergoes plastomotomy into rod form and does 
not form spores. Hence, it belongs to the group of coryneform bacteria. Further, the strain exhibits oxidative 
in OF test, can form an acid from glucose and is oxidase-positive. Accordingly, it can be identified that the 
strain belongs to the genus Mycobacterium . 

The reaction of the present invention is carried out by bringing a racemic nitrile or amide of formula (I) 
into contact with the microorganism or a preparation thereof. The term "microorganism or preparation 
thereof" as used herein refers to cultured medium obtained by culturing the microorganism; cells collected 
therefrom or treated cells (for example, disintegrated cells or enzyme extracted from the cells); or cells or 
treated cells immobilized on a carrier by an appropriate method. 

The microorganisms of the present invention can be cultured according to conventional methods. 
Culture mediums known as nutrient sources can be used. Carbon sources including glucose, glycerol, 
ethanol. sucrose, dextrin, acetic acid; nitrogen sources including ammonium sulfate, ammonium chloride, 
ammonia; organic nutrient sources including yeast extract, malt extract, peptone, meat extract; and 
inorganic nutrient sources including phosphoric acid, magnesium, potassium, iron, manganese, can be used 
in an appropriate combination. If desired, cyano compounds such as isobutyronitrile may be added to 
accelerate the reaction activity of the microorganisms of the present invention. The pH of the medium is in 
the general range of from 5 to 10. The culture temperature is 18 to 50 "C, preferably 25 to 40 C. The 
culture is allowed to proceed until activity reaches maximum, generally for 1 to 10 days. 

The reaction conditions of the present invention are such that an aqueous solution such as water, a 
buffer solution or a culture medium or a two phase system consisting of an organic solvent and an aqueous 
solution can be used as the reaction solution. The racemic compound represented by formula (I) in the form 
of a powder or a liquid as such is added to the reaction solution. Alternatively, the racemic compound is 
dissolved in an appropriate solvent and added. The amount of the racemic compound to be added is in the 
range of 0.01 to 70% by weight, preferably 0.1 to 40% by weight and it is not necessary to completely 
dissolve the racemic compound in the reaction solution. The concentration of the bacterium to be used for 
reaction is in the general range of from 0.05 to 20% by weight. The reaction temperature is in the general 
range of 5 to 80* C. preferably 15 to 60* C. and pH is in the general range of 4 to 11. preferably 6 to 10. 
The reaction time is generally 1 to 100 hours. The racemic compound represented by formula (I) may be 
continuously or intermittently added to the reaction solution to replenish the racemic compound so that the 
concentration of the racemic compound can be kept in the range described above. The reaction may be 
terminated before the content of the formed optically active a-substituted organic acid represented by 
■formula (11) is not lowered. The reaction is generally carried out until reactivity reaches 8 to 60%. 
The desired product of the present invention can be recovered in the following manner. 
After insoluble matter, such as bacteria are removed from the cultured solution-, the pH of the resulting 
solution is adjusted to 8.5. The unreacted compound of formula (I) is extracted with a solvent such as n- 
butanol, benzene, diethyl ether or chloroform, to remove it. The pH of the resulting solution is then adjusted 
to 2 and extraction is carried out with a solvent such as n-butanol, benzene, diethyl ether or chloroform, 
whereby the desired product can be recovered. The product can be purified by means of silica gel column 
chromatography, followed by elution with a solvent, such as a mixture of, e.g.. hexane. diethyl ether, 
chloroform and methanol. 

it is believed that the reaction mechanism of the present invention is such that the enzyme which 
converts the nitrile or amide into a carboxyiic acid, that is, amidase, nitrilehydratase or nitrilase. reacts 
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selectively with only one isomer of the racemic nitrile or amide. Namely, it is believed that the enzyme 
reaction rate varies greatly with the optical isomer. Accordingly, when an optically active organic acid is 
prepared by the process of the present invention, an optically active nitrile or amide is consequently left or 
formed as an unreacted material or an intermediate. The nitrile ol^ amide can be easily converted into an 

5 optically active organic acid by hydrolyzing it in the presence of an acid. Namely, any R isomer and S 
isomer or { + ) isomer and (-) isomer of an organic acid can be prepared in the present invention. When 
either one isomer of an optically active organic acid is to be prepared, an optically active nitrile or amide 
which is an unreacted material or an intermediate is racemized, e.g., by a reaction using an alkali, such as 
ammonia, and the resulting racemic nitrile or amide can be used as the starting material of the present 

10 invention. Accordingly, the desired optically active organic acids can be prepared in high yields on an 
industrial scale. 

Amidase, nitrile hydratase or nitrilase isolated from the microorganisms of the present invention have 
such specificity that there is a possibility that the reaction rate will vary greatly with the optical isomer when 
reacted with the racemic nitrile or amide. The present inventors isolated nitrilase or amidase having such 
15 specificity from the above-described microorganisms. Nitrilase isolated from Acinetobacter sp. AK 226 
strain will be illustrated below by way of example. 



(1) Preparation of the enzyme: 

zo 

To prepare nitrilase of the present invention, Acinetobacter sp. AK 226 strain is cultured in the above- 
described medium. The material for accelerating reaction activity"!? added and the strain is cultured for 1 to 
3 days under the above-described culture conditions. 

Nitrilase is recovered from the resulting culture medium and can be purified by conventional enzyme 

25 purifying methods. Bacteria is collected by centrifugation and disintegrated by an ultrasonic treatment or a 
mechanical means such as daino mill. Solids, such as cell memblens, are removed by centrifugation. The 
resulting crude enzyme is subjected to fractional uitra-centrifugation, salting-out treatment, precipitation 
treatment with organic solvents and further purification by means of adsorption chromatography, ion- 
exchange chromatography, and/or gel permeation chromatography. This is described in more detail in the 

30 example. 



(2) Assay (measurement of titer): 

35 0.5 umol of potassium phosphate buffer solution (pH 8.0) and 1.34 umol of 2-{4'-isobutylphenyl)- 
propionitrile are added to an appropriate amount of an enzyme solution so as to give a volume of 0.5 ml. 
After the mixture is reacted at 30* C for 30 minutes, 0.1 mt of 80% acetic acid is added thereto to stop the 
reaction. The amounts of 2-(4'-isobutylphenyl)prop(onic acid and ammonia are measured. The amount of 2- 
(4 -isobutyiphenyl)propionic acid is measured by means of high performance liquid chromatography 

40 wherein u Bondapack C18 column is used and a solvent obtained by mixing 0.05 M phosphate buffer 
solution (pH 3) with 50% (v/v) of acetonitrile is used. The assay is performed at an absorbance of 254 nm. 
The amount of ammonia formed is measured according to J. Clin. Path., 13, 156 (1960). 

The amount of enzyme required for forming 1 umol or2-(4 -isobutylphenyl)propionic acid or ammonia 
per one minute is referred to as one unit. 

45 

(3) Properties of the enzyme: 

Nitrilase of the present invention is isolated in a pure form and has the following properties. 
(') Function: One molecule of a nitrile compound is hydrolyzed to form one molecule of an organic 
acid and one molecule of ammonia. 

The reaction rate with the S isomer of racemic 2-(4'-isobutylphenyl)propionitrile is much higher than that of 
the R isomer thereof. Accordingly, optically active $-( + )-2-(4'-isobutyl)propionic acid is formed. This is 
described in the example. 
55 (ii) Substrate specificity: 

The enzyme reacts with many nitrile compounds such as aliphatic nitriles and aromatic nitriles given in the 
following Table 2. However, it does not react with compounds having an amino group at the a-position. 
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Table 2 




10 



15 



20 



25 



30 



Siih<;tratQ 


Relative activity 




(X 102 %) 


Acetonitrile 


45.3 


n-Butyronitrile 


17.4 


n-Capronitrile 


5.93 


iso-Capronitrile 


8.12 


Acrytonitrile 


144 


Methacrylonitrile 


68.4 


Hydroxyacetonitrile 


11.4 


Chloroacetonitrile 


108 


2.3-Dibromopropionitrile 


90.3 


Benzyl cyanide 


26.2 


a-Phenylpropionitrile 


0.534 


2-(4'-lsobutylphenyi)propionitrile 


1.00 


2-Phenyiglycinonitriie 


0.000 


Thiopheneacetonitriie 


45.5 


Nicotinonitrile 


52.7 


Benzonitrile 


94.1 


o-ToIunitrile 


0.743 


m-Tolunitrile 


74.8 


p-Tolunitrile 


6.57 


m-Nitrobenzonitrite 


47 R 


o-FIuorobenzonitrile 


50.4 


m-FIuorobenzonttrile 


66.8 


p-Fluorobenzonitn!e 


83.9 


m-Chlorobenzonitriie 


68.9 


Glutaronitrile 


50.9 


m-Phthaionitriie 


80.7 



35 



40 



45 



(iii) Optimum pH: about pH 8.0 

(iv) pH stability: Stable at a pH 5.8 to 6.7 when treated with a buffer solution having various pH at 
60* C for 60 minutes. 

(v) Optimum temperature: Maximum effect is obtained at a temperature of about 45 to 60 0. 

(vi) Absorption spectrum: Maximum absorption spectrum at about 223 nm and 280 nm. 

(vli) Molecular weight: About 580,000 measured by means of high performance liquid chromatog- 
raphy with Asahipak GS-620(a product of Asahi Chemical Industry Co., Ltd.) 

(viii) Molecular weight of subunit: 42,000 to 47.000 calculated by electrophoresis of SDS- 

polyacrylamide gel. 

As stated above, the above enzyme is a novel nitrilase which reacts with a wide range of aliphatic 
nitriles and aromatic nttriles. Further, the above enzyme has such an excellent effect that 2-{4 -isobutyl- 
phenyi)propionitriie is hydroiyzed with optical specificity when said nitrile is used as substrate. 

The present invention is now illustrated in greater detail by reference to the following examples which, 
however, are not to be construed as limiting the present invention in any way. In the following examples, % 
is by weight unless otherwise stated. 



50 



EXAMPLE 1 



55 



Preparation of S-( + )-a-phenylpropionic acid: 

To 2,000 mt of a sterilized culture medium containing 1% glucose. 0.5% yeast extract. 0.5% peptone, 
0.12% rnonopotassium phosphate, 0.08% dipotassium phosphate. 0.02% magnesium sulfate, 0.003% 
ferrous sulfate, 0.1% sodium chloride and 0.1% isobutyronitrile and having a pH of 7.2, 2% of Corynebac- 
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^Q^i'iun^ nitrtlo phiius ATCC 21419 strain which was previously cultured on the same medium was inoculated. 
The media was cultured at 32 'C for two days by means of shaking culture. After culture, bacteria (5.2 g; 
dry weight) was collected by centrifugation, suspended in 160 ml of 0.01 M phosphate buffer (pH 8.0) and 
placed in an Erienmeyer flask. 1 .6 g of a-phenylpropionitrile was added thereto and the reaction of the 

5 mixture took place while shaking it at 32 'C. After 20 hours, the reaction was terminated and the bacteria 
were removed by centrifugal separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 200 
ml of chloroform was added thereto to extract and remove the unreacted a-phenylpropionitriie. The pH of 
water layer was adjusted to from 1.0 to 2.0 with hydrochloric acid. 200 ml of chloroform was added thereto 
to extract the desired product. The extract was concentrated under reduced pressure and purified by means 

70 of a silica gel column (500 mg. adjusted with hexane), eiuating with hexane-diethyl ether (95:5 by volume). 
The desired eluate was concentrated under reduced pressure to afford 475 mg of S-( + )-a-phenylpropionic 
acid. 

Specific rotary power: [cx]^^ = +75' (C = 1.65 chloroform) 

Optical purity was 98% from specific rotary power. TLC chromatography and high performance liquid 
75 chromatography revealed that the product was single. 
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Preparation of S-( + )-a-phenylpropionic acid: 

In the same way as in Example 1, to 500 ml of the sterilized culture medium 2% of the microorgnism 
which was previously cultured on the same medium was inoculated. The media was cultured at 32''C for 
two days by means of shaking culture. After culture, the bacteria was collected by centrifugal separation, 
suspended in 30 mi of 0.01 M phosphate buffer (pH 8.0) and placed in an Erienmeyer flask. 300 mg of a- 
phenylpropionitrile was added thereto and the mixture was reacted at 32* C with shaking. 

After removal of the bacteria from the reaction solution by centrifugal separation, extraction with 
chloroform was carried out in the same way as in Example 1 to obtain a-phenylpropionic acid. The optical 
•specificity thereof was examined by means of high performance liquid chromatography. The results are 
shown in Table 3 below. 



Microorganism 


Reaction 
time (hr) 


Amount of 
product 
(nng) 


Ratio of S-( + )-a-phenylpropionic 
acid/R-(-)-a-phenylpropionic acid 


Pseudomonas fluorescens NRRL B981 


10 


69 


98/2 


Rhodopseudomonas sphaeroides ATCC 1 1 1 67 


12 


81 


90/10 


Rhodococcus sp. AK 32 


24 


94 


95/5 


Bacillus subtilis CN5 


8 


98 


98/2 


Mycobacterium sp. AC777 


12 


85 


S-isomer only 


Corynebacterium sp. KO-2-4 


10 


110 


97/3 
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The optical specificity was determined using high performance liquid chromatography according to the 
method for analyzing S-(-)-1-(naphtyl)ethylamide [ Journal of Chromatog aphy, 378, p409-418 (1986)]. 



EXAMPLE 3 



55 



Preparation of S-( + )-a-phenylpropionic acid: 

Bacteria were cultured, collected by centrifugal separation, suspended in 30 ml of 0.01 M phosphate 
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buffer solution (pH 3.0) and placed in an Erlenmeyer flask, as in Example 2. 300 mg of a-phenyl- 
nropioniamide was added thereto and the reaction was carried out at 32 C with shai<ing. 

After the bacteria was removed from the reaction solution by centrifugal separation, a-phenylpropionic 
acid was obtained in the same way as in Example 2. Optical specificity was examined by high performance 
liquid chromatography. The results are shown in Table 4 below. 

Table 4 



10 



Microorganism 


Reaction 

lIlTlt/ \1 H / 


Amount of 

nrnrii ipt 

(mg) 


Ratio of S-{ + )-a-phenylpropionic 
acid/R-(-)-a-phenylpropionic acid 


Pseudomonas fluorescens IFO 3081 


10 


90 


S-isomer only 


Rhodopseudomonas sphaeroides ATCC 11167 


10 


62 


M 


Corynebacterium nitriiophilus ATCC 21419 


6 


97 


98/2 


Rhodococcus sp. AK 32 


18 


72 


93/7 


Bacillus subtiiis CN5 


10 


80 


S-isomer only 


Mycobacterium sp. AC777 


6 


106 


99/1 


Pseudomonas fluorescens NRRL B981 


6 


85 


99/1 
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Preparation of S-( + )-lbuprofen: 

In the same way as in Example 1, to 500 ml of the sterilized culture medium 2% of Acinetobacter sp. 
AK 226 strain which was previously cultured on the same medium was inoculated. The media was cutured 
at 32'C for 35 hours. After culture, the bacteria was collected by centrifugal separation, suspended in 30 
mt of 0.1 M phosphate buffer (pH 8,0) and placed in an Erlenmeyer flask. 90 mg of 2-(4 -isobutylphenyl)- 
propionitrile was added thereto and the reaction was carried out at 32 C with shaking. After 16 hours, the 
reaction was terminated and bacteria were removed by centrifugal separation. The pH of the resulting 
supernatant liquid was adjusted to 8.5. 30 ml of chloroform was added thereto to extract and remove the 
unreacted 2-(4 -isobutylphenyl)propionithle. After the pH of the water layer was adjusted to from 1.0 to 2.0 
with hydrochloric acid. 30 ml of chloroform was added thereto to extract the desired product. The extract 
was concentrated under reduced pressure and purified by means of silica get column chloromatography 
eiuting with hexane-diethyl ether (3:1 by volume). The desired eluate was concentrated under reduced 
pressure to give 52 mg of S-( + )-2-(4'-isobutylphenyl)propionic acid, 
[a]^^ = +52.7* (C = 1, ethanol) 
Melting point: 49' C 

Optical purity was 95% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 



50 



EXAMPLE 5 



55 



Preparation of S-( + )-Naproxen: 

In the same way as in Example 1, to 500 ml of the sterilized culture medium 2% of Rhodococcus sp. 
AK 32 strain which was previously cultured on the same medium was inoculated. The media was cultured at 
32' C for 30 hours. After culture, bacteria were collected by centrifugal separation, suspended in 30 ml of 
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0.1 M phosphate buffer (pH 8.0) and placed in an Erfenmeyer flask. 90 nng of 2-(6'-methoxy-2'-naphtyl)- 
propionitrile was added thereto and the reaction was carried out at 32' C with shaking. After 30 hours, the 
reaction was terminated and bacteria were rennoved by centrifugal separation. The pH of the resulting 
supernatant liquid was adjusted to 8.5. 30 ml of chloroform was added thereto to extract and remove the 
unreacted material and by-products. The pH of the aqueous layer was adjusted to from 1.0 to 2.0 with 
hydrochloric acid, 30 mi of chloroform was added thereto to extract the desired product. The extract was 
concentrated under reduced pressure and purified by means of silica gel column chromatography, eluting 
with hexanedlethyl ether (7:3 by volume). The desired eluate was concentrated under reduced pressure to 
give 37 mg of S-( + )-2-(6'-methoxy-2'-naphtyl)propionic acid. 
Mo' = +62.8' (C = 1 . chloroform) 
Melting point: 153° C 

Optical purity was 95% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 



EXAMPLE S 



Preparation of ( + )-Pranoprofen: 

In the same way as in Example 1, to 500 ml of the sterilized culture medium 5% of Corynebacterium 
sp^KO-2-4 which was previously cultured on the same medium was inoculated. Culturing was conducted at 
32 C for 35 hours. After culturing, bacteria were collected by centrifugal separation, suspended in 30 ml of 
0.1 M phosphate buffer (pH 8.0) and placed in an Erlenmeyer flask. 90 mg of 2-(5H-[1 ]benzopyrano[2.3-b]- 
pyridine-7-yl)propionitrile was added thereto and the reaction was carried out at 32 *C while vigorously 
shaking the mixture. After 24 hours, the reaction was terminated and bacteria were removed by centrifugal 
separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 30 ml of chloroform was added 
thereto to extract and remove the raw nitrile compound and the corresponding amide compound. The pH of 
the aqueous layer was adjusted to from 1.0 to 2.0 with hydrochloric acid and 30 mi of chloroform was 
added thereto to extract the desired product. The extract was concentrated under reduced pressure and 
purified by means of silica gel column chromatography, eluting with hexane-diethyl ether (3:1 by volume). 
The desired eluate was concentrated under reduced pressure to give 42 mg of ( + )-2-(5H-[1 jbenzopyrano- 
[2,3-b]pyridine-7-yl)propionic acid [( + )-Pranoprofen], 
Md = +43.3* (C = 1 .0, methanol) 
Melting point: 184-1 85' C 

Optical purity was 96% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 



EXAMPLE 7 



Purification of nitriiase of Acinetobacter sp, AK 226: 

The culture procedure of Example 4 was repeated except that 2 1 of culture medium containing 1% 
ammonium acetate in place of glucose was used. 40 g of bacteria was collected by centrifugal separation, 
washed with 0.01 M potassium phosphate buffer solution (pH 6.5) and then suspended in 160 ml of 0.03 M 
potassium phosphate buffer solution (pH 6.5). The suspension was subjected to an ultrasonic treatment (9 
KHz) for 30 minutes to disrupt cells. The disrupted cells were removed by centrifugal separation (15,000 x g 
for 20 minute) to obtain a cell- free extract. The extract was dialyzed against a 0.03 M potassium phosphate 
buffer solution (pH 6.5) and subjected to centrifugal separation (100,000 x g for 2 hours). The supernatant 
liquid was passed through a DEAE-celiu!ose column to eiute enzyme wiTh a linear gradient of 0.05 M 
potassium phosphate buffer solution (pH 6.5) containing 0 to 0.5 M sodium chloride. Active fractions were 
collected, dialyzed against 0.01 M potassium phosphate buffer solution (pH 6.5) and passed through a 
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hydroxyapatite column to elute enzyme with a linear gradient of 0.01 to 0.2 M potassium phosphate buffer 
solution (pH 6.5). Active fractions were collected, dialyzed against 0.03 M potassium phosphate buffer 
solution (pH 6.5) and purified by means of the DEAE-cellulose column and the hydroxyapatite in a similar 
manner to that described above. Active fractions were concentrated by means of ultrafiltration and 
subjected to gel permeation chromatography using Sephacryl S-400 [equilibrated by using a 0.05 M 
potassium phosphate buffer solution (pH 6.5)]. In this way. nitrilase was uniformly purified. The progress of 
the purification is shown in Table 5 below. 

Table 5 



Stage 


Total 


Total 


Specific 


activity 


protein 


activity 




(unit) 


(mg) 


(unit/mg) 


1. Ceil-free extract 


156 


4400 


0.0354 


2.U!tra-centrifugal separation 


131 


3460 


0.0380 


3. First DEAE-cellulose 


69.8 


1270 


0.0549 


4.First hydroxyapatite 


65.6 


943 


0.0696 


5-Second DEAE-cellulose 


45.6 


541 


0.0843 


6. Second hydroxyapatite 


33.7 


329 


0.102 


y.Sephacryl 8-400 


31.4 


201 


0.156 



EXAMPLE 8 



The progress of the formation of S-{ + )-lbuprofen: 

Nitrilase uniformly purified in Example 7 was used and the progress of the reaction was examined 

under the following conditions. 

One ml of the reaction solution containing 100 u-mol of potassium phosphate buffer solution (pH 8.0), 
4.77 umo! of 2-(4'-isobuty!phenyl)propionitrile and 0.02 unit of nitrilase was thoroughly shaken at 32 C to 
carry out the reaction. The amounts of 2-(4 -isobutylphenyOpropionitrile, 2-(4 -isobutylphenyl)propionic acid 
and ammonia for each reaction time were determined. The results are shown in the Figure. The optical 
purity of the formed S-( + )-2-(4 -isobutylphenyl)propionic acid was 98% for 6 hours, 96% for 24 hours and 
95% for 40 hours. 



EXAMPLE 9 



Preparation of R-(-)-lbuprofen: 

The unreacted 2-(4 -isobutylphenyl)propionitri!e extracted with chloroform in Example 4 was con- 
centrated under reduced pressure. To this sample were added 5 ml of deionized water and 5 ml of 
concentrated sulfuric acid. The mixture was reacted at 105* C with stirring for 7 hours. After the completion 
of the reaction, 20 ml of chloroform was added thereto to extract the desired product. The extract was 
concentrated under reduced pressure and purified by means of silica gel column chromatography, eluting 
with hexane-diethyl ether (3:1 by volume). The desired eluate was concentrated under reduced pressure to 
afford 44 mg of R-(-)-2-(4'-isobutylphenyl)propionic acid. 

= -50.0' (C = 1. ethanol) 
Melting point: 48-49* C 

The product had an R isomer content of 95% from specific rotary power. 

Thin layer chromatography revealed that the product exhibited a single spot. 
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EXAMPLE 10 



5 Preparation of S-( + )-lbuprofen: 

Acinetobacter sp. AK 226 strain was cultured in the same way as in Exannple 4. Bacteria (950 mg; dry 
weight) were collected by centrifugal separation, suspended in 30 ml of 0.1 M phosphate buffer (pH 8.0) 
and placed in an Erienmeyer flask. 5 mi of hexane containing 1,5 g of 2-(4'-isobutyiphenyt)propionitrile was 

10 added to the suspension and the reaction was carried out at 32' C with shaking. After 16 hours, the reaction 
was terminated and bacteria were removed by centrifugal separation. The pH of the aqueous layer was 
adjusted to 8.5 by adding 270 ml of water and sodium hydroxide. The hexane layer was removed. Further, 
300 ml of chloroform was added to completely remove the unreacted 2-{4'-isobutylphenyl)propionitrile. The 
pH of the aqueous layer was adjusted to 1.0 with hydrochloric acid. 300 ml of chloroform was added 

rs thereto to extract the desired product. The extract was concentrated under reduced pressure and purified 
by means of silica gel column chromatography, eluting with hexane-diethyl ether (3:1 by volume). The 
desired eluate was concentrated under reduced pressure to give 670 mg of S-( + )-2-(4'-isobutylphenyi)- 
propionic acid. 

[a]^° = +56.0* (C=1, ethanol) 
.20 Melting point: 49-50* C 

The product had an S isomer content of 98.5% from specific rotary power. 
Thin layer chromatography revealed that the product exhibited a single spot. 



25 EXAMPLE 11 



Preparation of R-(-)-mandelic acid: 



To 100 mi of a sterilized culture medium containing 1% glucose, 0.5% yeast extract, 0.5% peptone. 
0.2% dipotassium phosphate, 0,1% sodium chloride and 0.003% ferrous sulfate and having a pH of 7.0, 4% 
of Alcaligenes faecalis ATCC 8750 strain which was previously cultured on the same medium was 
inoculated. The media was cultured at 32' C for two days by shaking culture. After culturing the bacteria (60 

35 mg; dry weight) was collected by centrifugal separation and suspended, in 150 mi of 0.1 M phosphate 
buffer (pH 8,0). 250 mg of mandelonitrile was added to 50 ml of the suspension and the mixture was 
reacted at 32 C with shaking for 4 hours. The bacteria were removed from the reaction solution by 
centrifugal separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 50 ml of chloroform 
was added thereto to extract the unreacted mandelonitrile. The pH of the aqueous layer was adjusted to 1.0 

40 with hydrochloric acid. 40 ml of diethyl ether was added thereto to extract the desired product. The extract 
was concentrated under reduced pressure and purified by means of column chromatography on silica gel 
(500 mg. adjusted with hexane), eluting with hexane-ethyl acetate (50:50 by volume). The desired eluate 
was concentrated under reduced pressure to afford 76 mg of R-(-)-mandelic acid. 

45 Melting point: 1 30-1 32 'C 

The R isomer content was 92.2% from specific rotary power. 

Analysis by high performance liquid chromatography was made according to Journal of Chromatog- 
raphy. 216, 406(1981). It was found that the sample had a R isomer content of 91%. 



55 Preparation of R-(-)-mandelic acid: 

One liter of the culture medium having the same composition as that of Example 1 1 was used. To the 
medium, each of Pseudomonas vesicularis ATCC 11426 strain and Candida tropicalis ATCC 20311 was 
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EXAMPLE 12 
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inoculated. Culture was conducted. The collected cells (1.76 g and 7.14 g; dry weight) were suspended m 
100 ml and 500 ml of 1.0 M phosphate buffer (pH 8.0), respectively. 2.0 g of mandelamide was added o 
100 ml of each suspension. The mixtures were reacted at 32 C for 40 hours under shaking. Insouble 
matter such as cells were removed from each reaction soution by centrifugal separation. The pH of the 
5 supernatant liquids were adjusted to 1 .0 with hydrochloric acid. 50 m t of diethyl ether was added thereto to 
extract the desired product. The extracts were purified in the same way as in Example 1 1 . 

There was obtained 795 mg of R-(-)-mandelic acid from the reaction solution of Pseudomonas 

vesicularis ATCC 1 1 426. 
[a]^^ = -153* (C = 1. H2O) 

10 Melting point: 134-135* C < ^ ^-^ . „iv Axr-r 

There was obtained 940 mg of R-{-)-mandelic acid from the reaction mixture of Candida tropicalis ATCC 

2031 1 . 

[„]gs = -147* (C=0.5,^H2O) 
Melting point: 133-134* C 

,5 The R isomer contents of the purified samples calculated from specific rotary power were 100 /<. and 
98%. respectively. 



EXAMPLE 13 

20 



Preparation of S-(-)-2-chloropropionic acid: 

25 in the same way as in Example 1 1 , Mycobacterium sp. AC777 was cultured. The bacteria (710 mg; dry 
weight) was suspended in 80 ml of 0.1 M phosphate buffer (pH 8.0). 200 mg of 2-chloropropionitr,le was 
added to 20 ml of the suspension. The mixture was reacted at 32 C for two hours under shaking. Insoluble 
matter was removed from the reaction solution by centrifugal separation. The pH of the supernatant liquid 
was adjusted with sodium hydroxide to 9. 20 ml of chloroform was added to the supernatant liquid to 

30 remove the unreacted 2-chloropropionitrile. The pH of the aqueous layer was adjusted to 1 with hydrochlo- 
ric acid 20 m I of n-butanol was added to said aqueous layer to extract the desired product. The n-butanol 
layer was concentrated under reduced pressure and purified by means of column chromatography on silica 
gel (500 mg. adjusted with chloroform), eluting with chloroform-methanol (10:1 by volume). The desired 
eluate was concentrated under reduced pressure to give 59 mg of S-{-)-2-chloropropionic acid. 

35 Wg' = -8.4* (0 = 1, Hz 0) 

The S isomer content calculated from specific rotary power was 80%. 

High performance liquid chromatography and TLC chromatography revealed that the product was 
single. 
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EXAMPLE 1 4 



45 Preparation of S-(-)-2-bromopropionic acid: 

In the same way as in Example 12. Mycobacterium sp. AC777 strain was cultured. The bacteria (710 
mg- dry weight) was suspended in 20 ml of 0.1 M phosphate buffer (pH 8.0). 200 mg of 2- 
bromopropionitrile was added to the suspension. The mixture was reacted at 32 C for 30 hours under 

50 shaking Insoluble matter was removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 8.5. 20 ml of chloroform was added thereto to 
extract the unreacted 2-bromopropionitrile. The pH of the aqueous layer was adjusted to 1 .5 with sulfuric 
acid 40 ml of n-butanol was added thereto to extract the desired product. The n-butanol layer was 
concentrated under reduced pressure and purified by means of column chromatography on silica gel (500 

55 mg, adjusted with chloroform)', eluting with chloroform-methanol (10:1 by volume). The desired eluate was 
concentrated under reduced pressure to give 45 mg of S-(-)-2-bromopropionic acid, 
[alg^ = -19.9* (0 = 1. methanol) 

The S isomer content of the product was 86% from specific rotary power. 
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High performance liquid chromatography and TLC chromatography revealed that the product was 
single. 



Preparation of { + )-2-phenoxypropionic acid: 

In the same way as in Example 11, Mycobacterium sp. AC777 strain was cultured. The bacteria (710 
mg; dry weight) was suspended in 100 of 0.1 M phosphate buffer (pH 8.0). 100 mg of 2-phenox- 
ypropionitrile was added to 10 mt of the suspension. The mixture was reacted at 32°C for 3 hours under 
shaking, insoluble matter was removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 9. 10 ml of chloroform was added thereto to 
remove the unreacted 2-phenoxypropionitrile and 2-phenoxypropionamide. The pH of the water layer was 
adjusted to 1 with hydrochloric acid. 10 ml of chloroform was added to the water layer to extract the 
desired product. The chloroform layer was concentrated under reduced pressure and purified in the same 
way as in Example 1 to give 34 mg of 2-phenoxypropionic acid. In the same way as in Example 2, optical 
specificity was examined by high performance liquid chromatography. It was found that only ( + ) isomer 
was formed. 



Preparation of { + )-2-phenoxypropionic acid: 

In the same way as in Example 11, Rhodococcus sp. AK 32 strain was cultured. Bacteria (270 mg; dry 
weight) was suspended in 100 mX of 0.1 M phosphate buffer (pH 8.0). 100 mg of 2-phenoxypropionamide 
was added to 10 ml of the suspension. The mixture was reacted at 32 under shaking for 3 hours. 
Insoluble matters were removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 9. 10 mi of chloroform was added thereto to 
remove the unreacted amide. 

The pH of the supernatant liquid was adjusted to 1 with hydrochloric acid. 10 mi of chloroform was 
added thereto to extract the desired product. The chloroform layer was concentrated under reduced 
pressure and purified in the same way as in Example 1 to give 42 mg of 2-phenoxypropionic acid. In the 
same way as in Example 2, the optical specificity of this sample was examined by high performance liquid 
chromatography. It was found that only ( + ) isomer was formed. 



Preparation of S-( + )-2-phenyl-n-butyric acid: 

150 mg of.2-phenyl-n-butyronitrile was added to 10 mi of a suspension of bacteria of Rhodococcus sp. 
AK 32 strain cultured in the same way as in Example 5. The mixture was reacted at 32' C under shaking Tor 
18 hours. Insoluble matters were removed from the reaction mixture by centrifugal separation. The pH of 
the supernatant liquid was adjusted with sodium hydroxide to 8.5. 30 m i of chloroform was added thereto 
to remove the unreacted nitrile and the corresponding amide. The pH of the aqueous layer was adjusted to 
2.0 with hydrochloric acid. 30 mi of chloroform was added thereto to extract the desired product. The 
extract was concentrated under reduced pressure and purified in the same way as in Example 1 to give 64 
mg of S-( + )-2-phenyl-n-butyric acid. 
Mo^ ' +80.0' (C = 0.9. toluene) 

Optical purity was 93% from specific rotary power. 



EXAMPLE 15 



EXAMPLE 16 



EXAMPLE 17 
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TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 

EXAMPLE 18 



50 



Preparation of S-(-)-3-chloro-2-methy!propionic acid: 



In the same way as in Example 11, Mycobacterium sp. AC777 was cultured. 710 mg (dry weight) of 
bacteria was suspended inlOO ml of 0.1 M phosphate buffer (pH 8.0) and placed in Erlenmeyer flask. 500 
mg of 3-chIoro-2-methylpropionitrile was added to 50 ml of the suspension. The mixture was reacted at 
32 *C with shaking for 4 hours. Bacteria were removed from the reaction mixture by centrifugal separation. 
15 The pH of the supernatant liquid was adjusted to 1.0 with hydrochloric acid. 30 mt of n-butanot was added 
thereto to extract the desired product. The extract was concentrated under reduced pressure and punfied 
by means of column chromatography on silica gel 1 g. adjusted with chloroform), eluting with chloroform- 
methanol (10:1 by volume). The desired eluate was concentrated under reduced pressure to give 243 mg of 
3,(,).3-chioro-2-methylpropionic acid. 

20 = -14.0' (C=1, MeOH) . 

This sample was reacted with (1R. 2R)-(-)-l-{4-nitrophenyl)-2-amino-1.3-propanediol to amidate it. The 
amide was analyzed by high performance liquid chromatography [ Chromatographia 24, 477 (1987)]. A 

single peak was found and only S isomer was formed. 

When the present invention is utilized, various optically active a-substituted organic acids can be 
25 prepared from optically inactive starting materials under normal atmospheric and room temperature reaction 
conditions by using the present microorganisms. Accordingly, the present invention is very economically 
advantageous. 

Further, optically active a-substituted organic acids having an optical purity of as high as at least 80 /o, 
or as extremely high as at least 90% according to the types of organic acids, can be obtained in high yields 

30 by the present invention. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



Claims 



1. A process for producing an optically active a-substituted organic acid represented by formula (II). 
comprising the steps of: 

(a) treating a racemic a-substituted nitrile or amide represented by formula (I) with a microorganism 
selected from the group consisting of the microorganisms of genuses Alcaiigenes . Pseudomonas, 
Rhodopseudomonas , Corynebactehum . Acinetobacter . Bacillus , Mycobacterium . Rhodococcus and Candida. 

or preparations thereof; and 

(b) recovering the resulting optically active a-substituted organic acid represented by formula (II): 



H 



Rl C X (I) 



R2 



55 wherein Ri and R2 each represent a halogen atom, a hydroxyl group, a substituted or unsubstituted alkyi 
group, a substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted alkoxy group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted aryioxy group or a substituted or 
unsubstituted heterocyclic group with the proviso that Ri and R2 are different from each other; and X 
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represents a nitrile group or an amido group, 



H 



COOH 



R2 



(II) 



wherein Ri and Ra are as defined above. 

2. Corynebacteriunn sp. KO-2-4 strain (PERM BP-2353). 
^' ^^^'"^^ subtilis CN5 strain (PERM BP-2354). 

4. Mycobacterium sp. AC777 strain (PERM BP-2352). 

5. An amidase or nitrilase isolated from a microorganism which can convert a racemic a-substituted 
nitriie or amide represented by formula (i) into an optically active a-substituted organic acid represented by 
formula 



H 



Hi C X (I) 

H2 

Wherein X represents a nitrile group or an amido group; and Ri and R2 each represent a halogen atom, a 
hydroxyl group, a substituted or unsubstituted alkyi group, a substituted or unsubstituted alkoxy group, a 
substituted or unsubstituted cycloalky! group, a substituted or unsubstituted aryl group, a substituted or 
unsubstituted aryloxy group or a substituted or unsubstituted heterocyclic group with the proviso that Ri 
and R2 are different from each other, 



H 
I 

Hi — *C COOH 



(II) 
H2 



wherein Ri and R2 are as defined above. 

6. The amidase or nitrilase as in claim 5, wherein the microorganism belongs to a genus selected from 
the group consisting of Alcaligenes , Pseudomonas . Rhodopseudomonas , Corynebacterium . Acinetobacter. 
Bacillus , Mycobacterium , Rhodococcus and Candida. ' ' 

7. The amidase or nitrilase as in claim 6. wherein the microorganism belongs to the genus Acinetobac- 
ter. 

8. The nitrilase as in claim 7, wherein the microorganism is Acinetobacter sp. AK 226 strain (PERM BP- 
2451). 

9. The process according to claim 1. wherein said alkyI group has from 1 to 8 carbon atoms, said 
alkoxy group has from 1 to 8 carbon atoms, said cycloalkyi group has from 3 to 8 carbon atoms, said aryl 
group includes phenyl and naphthyl, said aryloxy group includes phenyloxy and naphthyloxy, and said 
heterocyclic group contains one or more hetero-atoms selected from the group consisting of nitrogen, 
oxygen and sulfur, and has from 3 to 15 carbon atoms. 
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Description 

FIELD OF THE INVENTION 

This Invention relates to a process for producing an optically active a-substituted organic acid and 
microorganism and enzyme used therefor. 

Optically active a-substituted organic acids obtained by the process of the present invention are 
compounds useful as pharmaceuticalty active substances, such as antipyretic analgestic antiphlogistic 
agents; as raw materials thereof, such as antibiotics and j3-blockers; as agricultural chemicals, such as 
herbicides and insecticides or raw materials thereof; as raw materials for compounds having super dielectric 
properties; and as optical resolving reagents. 



BACKGROUND OF THE INVENTION 

75 Known processes for producing optically active a-substituted organic acids from racemic a-substituted 
nitriles or a-substituted amides by the biochemical action of microorganisms or preparations thereof include 
those processes disclosed in, for example, PCT Patent Application No. 500004/1988 (WO 8607386) and JP- 
A-60-1 88355 (U.S. Patent 4,812,403) (the term "JP-A" as used herein means an "unexamined published 
Japanese patent application"). These publications also disclose that the microorganisms used for said 

20 processes can be used for the production of optically active amino acids from aminonitriles or amino acid 
amides. 

However, there are scarcely any known processes for producing optically active a-substituted organic 

acids other than amino acids from the corresponding racemic nitriles or amides by biochemical action. 

There are known only processes for producing optically active a-oxy acids from a-oxy acid amide 
25 compounds and specific hydroxynitriles. There are only three known microorganisms used for these 

processes That is. a bacterium belonging to genus Aeromonas, a bacterium belonging to genus Moraxella 

and a yeast belonging to genus Torulopsis (see. JP-A-61 -88894 and JP-B-54-14668 (the term "JP-B" as 

used herein means an "examined Japanese patent publication")). 

The production of optically active a-substituted carboxylic acids from various a-substituted nitriles or 
50 amides has recently been suggested; cf. EP-A-0 344 044. EP-A-0 330 529 and EP-A-0 326 482. The 

microorganisms employed therein are, however, limited to only 3 strains, vie Brevi bacterium R312, 

Corynebacterium N771 and Corynebacterium N774. and these processes are per se limited to the case 

where an enantioselective amidase is used. 

Further. WO 86/07 386 describes a process for preparing an optically active amino acid or amino acid 
36 amide of the general formula R-CH(NH2)C0X having an amino group in a-position. There has, however, still 

been a demand for a process for the production of an optically active a-substituted organic acid without any 

amino group in a-position. 



SUMMARY OF THE INVENTION 



40 



It is an object of the present invention to provide a process for producing optically active a-substituted 
organic acids useful as raw materials in medical, agricultural and industrial fields from the corresponding 
racemic a-substituted nitriles or a-substituted amides by the action of microorganisms or preparations 
thereof. 

45 It is another object of the present invention to provide microorganisms used for the above-described 
process. 

The present inventors have discovered microorganisms capable of exclusively forming said optically 
active a-substituted organic acids to achieve the above-described objects. As a result, the present inventors 
have found microorganisms which have the ability to convert racemic a-substituted nitriles or amides 
50 represented by formula (I) into optically active a-substituted organic acids represented by formula (II). 
Further, it has been found that the optically active a-substituted organic acids formed by the action of the 
microorganisms are scarcely racemized, decomposed or utilized. The present invention has been achieved 

on the basis of these findings. 

Accordingly, the present invention provides a process for producing an optically active organic acid 

55 represented by formula (II), which comprises 

(a) treating a racemic a-substituted nitrile or amide represented by formula (1) with a microorganism 
selected from the group consisting of the microorganisms of genuses Afcaligenes, Pseudomonos, 
Rhodopseudomonas, Corynebacterium sp. KO-2-4 strain (FERM BP-2353), Acinetobacter, Bacillus. 
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Mycobacterium, Rhodococcus and Candida, or preparations thereof; and 

(b) recovering the formed optically active a-substituted organic acid represented by fornnula (II): 



H 



Ri C X and 



R2 



H 



Rl COOH (II) 



R2 

In formula (I), X represents a nitrile group or an amido group. In formulas (I) and (II), Ri and R2 each 
represent a halogen atom, a hydroxyl group, an alky! group, a cycloalkyi group, an alkoxy group, an aryl 
group, an aryloxy group or a heterocyclic group with the proviso that the groups Ri and R2 are always 
different from each other. 

BRIEF DESCRIPTION OF THE DRAWING 

The Figure is a graph showing the progress of the production of 2-(4'-isobutyiphenyl)propionic acid by 
using purified nitrilase, wherein the ordinate axis represents concentration and the abscissa axis represents 
reaction time. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is discussed in more detail below. 

Examples of halogen represented by Ri and R2 in formulae (I) and (II) include fluorine, chlorine, iodine 
and bromine. As the alkyi group and the alkoxy group, those having from 1 to 8 carbon atoms are preferred 
and those having from 1 to 3 carbon atoms are particularly preferred. Preferred examples of the cycloalkyi 
group are those having from 3 to 8 carbon atoms and those having from 3 to 6 carbon atoms are more 
preferred. Examples of the aryl group include phenyl and naphtyl. Examples of the aryloxy group include 
phenyloxy and naphthyloxy. Preferred examples of the heterocyclic group are those having one or more 
hetero-atoms selected from among nitrogen, oxygen and sulfur and having from 3 to 15 carbon atoms, 
more preferably those having 1 to 4 of hetero-atoms. Examples of the heterocyclic groups include 
thiophene, indole, 
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w 




and 




75 Hydrogen atoms attached to the carbon atoms of the alkyi group, alkoxy group, cycloalkyl group, aryl 
group and aryloxy group and hydrogen atoms attached to the carbon atoms and the nitrogen atom of the 
heterocyclic group may be optionally substituted by one or more substituent groups. Examples of suitable 
substituent groups include a halogen atom such as fluorine, chlorine, iodine and bromine, a hydroxyl group, 
a thiol group, a nitro group, an amino group, an aryl group (e.g.. phenyl or naphthyl group), an aryloxy 

20 group (e.g., phenyloxy or naphthyloxy group), a heterocyclic group containing one or more hetero-atoms 
such as a nitrogen atom, an oxygen atom and a sulfur atom and having from 3 to 15 carbon atoms, an aikyi 
group having from 1 to 8 carbon atoms, an alkoxy group having from 1 to 8 carbon atoms and an acyl 
group having from 1 to 10 carbon atoms. Hydrogen atoms attached to the carbon atoms of the above- 
described substituent groups and hydrogen atoms attached to the carbon atoms and the nitrogen atom of 

25 the above heterocyclic group may be further substituted by one or more of the above-described substituent 
groups. 

When either one of Ri and Ra is a highly sterically hindered group such as a halogen atom, an aryl 
group, an aryloxy group or a residue of a heterocyclic ring, or when either one of Ri and R2 is a group 
substituted by the highly sterically hindered group, products having very high optical purity can be 
30 obtained. 

Typical compounds of formula (II), obtained by the process of the present invention, are illustrated in 
the following Table 1 . 
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Table 1 



Ri 



H 
1 



COOH 



General name of compound 



R2 



75 



CH 
CH 



3^CHCH2 
3 



H 




*C-COOH 



CH. 



Ibuprof en 



20 



25 



CH3O 




Naproxen 



30 



35 




Pranoprof en 



40 



f/ \\_// \^ 




H 
I 

*<j:-cooH 



Flurbiprofen 



55 



5 
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Ketoprof en 




Fenoprof en 



*j:-COOH 
CH^ 




Tiaprofenic acid 



a-Phenylpropionic 
acid 



Loxoprof en 
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46 



50 




Suprof en 



10 



15 



O 
II 




N 




H 
I 



-*C-COOH 



CH. 



Indoprof en 



20 



25 



H3CO 




N 
I 

CH 




H 
I 

*C-COOH 



Protizinic acid 



30 



CH. 



CH. 




Alminoprof en 



36 



40 




CI 



Benoxaprof en 



55 
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H 
1 

*C-COOH 



Miroprof en 



CH^ 




Flunoxaprof en 



H 

4-rnoH 2-Phenylbutyric 

^ ^^^^ acid 

CH2CH3 



H 



CI — *c-COOH 2-Chloropropionic 

acid 



CH- 



H 



ClH^^>— *C-COOH methylethylj phenyl 



4-Chloro-a-( 1- 
. methylethyl 
1 acetic acid 



CH(CH3)2 
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Br 



CH3 — *C-COOH 



H 



2-Bromopropionic 
acid 



10 



15 



H 

<^^^A-CH,"4.COOH B-Phenyl lactic 

\ — / 2 j acid 

OH 



CH3 

20 I 

CH3CH,- 4-COOH 2-Methylbutyrxc 

3 2 aciG 

H 

25 

H 

// W 

♦C-COOH Mandelic acid 

OH 



35 

H 

I 3-Chloro-2- 

CICH2 - *C-COOH methylpropionic 

40 * acid 

CH3 



45 



50 



55 
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H 



RrCH -*r-rooH 2,3-Dibromo- 
BrCH2 C COOH propionic acid 



Br 



H 



3-Trif luoro-2- 
^3^ 9"*^*^^ methylpropionic 



I 

CH 



3 



acid 



H 




2-Phenoxypropionic 
acid 



1 




2-{ 2-Methyl-4- 
chlorophenoxy ) - 
propionic acid 



H 




2-( 2r4-Dichloro- 
phenoxy ) propionic 
acid 



The compounds represented by formula (I) which are used as the starting materials in the present 
invention can be prepared by conventional methods as described, for example, in JP-A-51 -70744. JP-A-51- 
122036, U.S. Patent 4,186,270 and Synthesis , 8, 645 (1986). 

The microorganisms which can be used in the present invention are those selected from the group 
consisting of the microorganisms of genuses Alcaligenes , Pseudomonas , Rhodopseudomonas . Corynebac- 
terium, Acinetobacter . Bacillus , Mycobacterium . Rhodococcus and Candida . 

Specifically, the following microorganisms can be used. 

Alcaligenes faecalis ATCC 8750, 

Pseudomonas fiuorescens NRRL B-981 (IFO 3925) (the term IPG as used herein means the microor- 
ganism on deposit at the Institute for Fermentation, Osaka. Japan). 
Pseudomonas fiuorescens IFO 3081 , 
Rhodopseudomonas sphaeroides ATCC 11167, 
Corynebacterium nitrilophilus ATCC 21419, 
Corynebacterium sp. KO-2-4 (PERM BP-2353). 
Acinetobacter sp. AK 226 (PERM BP-2451), 
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Bacillus subtilis CN5 (PERM BP-2354), 

Mycobacterium sp. AC777 (PERM BP-2352). 

Rhodococcus sp. AK 32 (PERM BP-1046). 

Pseudomonas vesicularis ATCC 1 1 426, and 
5 Candida tropicalis ATCC 2031 1 . 

A live culture of the microorganism Rhodococcus sp. AK 32 Is on deposit at the Permentation Research 
Institute, Japan, under the above designated number. The mycological properties thereof are described in 
European Patent 204,555 (1986). 

Corynebacterium sp. KO-2-4. Bacillus subtilis CN5 and Mycobacterium sp. AC777 were newly isolated 
10 as nitrile-utilizing bacteria from soil and are on deposit at the Permentation Research Institute, Japan, under 

the above designated numbers. 

Acinetobacter sp. AK 226 has been already isolated to form unsaturated organic acids such as acrylic 
acid or methacrylic~acid from the corresponding nitrile compounds (see, JP-B-63-2596 (the term "JP-B" as 
used herein means an "examined Japanese patent publication)). This strain is on deposit at the Fermenta- 

75 tion Research Institute, Japan. 

The mycological properties of Corynebacterium sp. KO-2-4. Bacillus subtilis CN5. Mycobacterium sp. 

AC777 and Acinetobacter sp. AK 226 are as follows: 
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On the basis of the above mycological properties, the taxonomic positions of these bacteria were 
determined according to Bergy's Manual of Determinative Bacteriogy. the 8th edition (1974) and the Manual 
56 of Clinical Microbiology, the 4th edition (1985). 

The KO-2-4 strain is a bacillus which does not form spores, aerobic, Gram-positive and catalase 
positive, is non-flagellate and does not have motility. It is clear that it is a strain belonging to the group of 
Coryneform bacteria, because it has such polymorphism that in the early stage of growth, it is rod and 
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grown with snapping and then undergoes plastmotomy into rod form. Further, the strain is incapable of 
decomposing cellulose, is not acid fast, is not an absolute aerobe and is negative in OF test. Thus, it can be 
identified that the KO-2-4 strain is a bacterium belonging to the genus Corynebacterium . 

The CN5 strain is mainly a Gram-positive bacillus and forms spores. Further, it is flagellate and mobile. 
Thus, it is clear that the strain belongs to the family Bacillaceae. The CN5 strain is aerobic and catalase- 
positi've. Hence, the strain belongs to genus Bacillus . Further, the strain does not form gas from glucose, is 
capable of hydrolyzing starch, is positive in VP test, is capable of reducing nitrate, is grown at 50 and in 
Bouillon broth containing 7% Nad and allows citric acid on Koser's citrate medium to be utilized. 
Accordingly, it can be identified that the strain is Bacillus subtilis . 

The AC777 strain is an aerobic Gram-positive bacillus, undergoes plastomotomy into rod form and does 
not form spores. Hence, it belongs to the group of coryneform bacteria. Further, the strain exhibits oxidative 
in OF test, can form an acid from glucose and is oxidase-negative. Accordingly, it can be identified that the 
strain belongs to the genus Mycobacterium . 

The reaction of the present invention is carried out by bringing a racemic nitrile or amide of formula (I) 
into contact with the microorganism or a preparation thereof. The term "microorganism or preparation 
thereof" as used herein refers to cultured medium obtained by culturing the microorganism: cells collected 
therefrom or treated cells (for example, disintegrated cells or enzyme extracted from the cells); or cells or 
treated cells immobilized on a carrier by an appropriate method. 

The microorganisms of the present invention can be cultured according to conventional methods. 
Culture mediums known as nutrient sources can be used. Carbon sources including glucose, glycerol, 
ethanol. sucrose, dextrin, acetic acid; nitrogen sources including ammonium sulfate, ammonium chloride, 
ammonia; organic nutrient sources including yeast extract, malt extract, peptone, meat extract; and 
inorganic nutrient sources including phosphoric acid, magnesium, potassium, iron, manganese, can be used 
in an appropriate combination. If desired, cyano compounds such as isobutyronitrile may be added to 
accelerate the reaction activity of the microorganisms of the present invention. The pH of the medium is in 
the general range of from 5 to 10. The culture temperature is 18 to 50 -C, preferably 25 to 40 -C. The 
culture is allowed to proceed until activity reaches maximum, generally for 1 to 10 days. 

The reaction conditions of the present invention are such that an aqueous solution such as water, a 
buffer solution or a culture medium or a two phase system consisting of an organic solvent and an aqueous 
solution can be used as the reaction solution. The racemic compound represented by formula (I) in the form 
of a powder or a liquid as such is added to the reaction solution. Alternatively, the racemic compound is 
dissolved in an appropriate solvent and added. The amount of the racemic compound to be added is in the 
range of 0.01 to 70% by weight, preferably 0.1 to 40% by weight and it is not necessary to completely 
dissolve the racemic compound in the reaction solution. The concentration of the bacterium to be used for 
reaction is in the general range of from 0.05 to 20% by weight. The reaction temperature is in the general 
range of 5 to 80 'C. preferably 15 to 60' C. and pH is in the general range of 4 to 11. preferably 6 to 10. 
The reaction time is generally 1 to 100 hours. The racemic compound represented by formula (I) may be 
continuously or intermittently added to the reaction solution to replenish the racemic compound so that the 
concentration of the racemic compound can be kept in the range described above. The reaction may be 
terminated before the content of the formed optically active a-substituted organic acid represented by 
formula (II) is not lowered. The reaction is generally carried out until reactivity reaches 8 to 60%. 
The desired product of the present invention can be recovered in the following manner. 
After insoluble matter, such as bacteria are removed from the cultured solution, the pH of the resulting 
solution is adjusted to 8.5. The unreacted compound of formula (I) is extracted with a solvent such as n- 
butanol. benzene, diethyl ether or chloroform, to remove it. The pH of the resulting solution is then adjusted 
to 2 and extraction is carried out with a solvent such as n-butanol, benzene, diethyl ether or chloroform, 
whereby the desired product can be recovered. The product can be purified by means of silica gel column 
chromatography, followed by elution with a solvent, such as a mixture of. e.g.. hexane, diethyl ether, 
chloroform and methanol. 

It is believed that the reaction mechanism of the present invention is such that the enzyme which 
converts the nitrile or amide into a carboxylic acid, that is, amidase. nitrilehydratase or nitrilase. reacts 
selectively with only one isomer of the racemic nitrile or amide. Namely, it is believed that the enzyme 
reaction rate varies greatly with the optical isomer. Accordingly, when an optically active organic acid is 
prepared by the process of the present invention, an optically active nitrile or amide is consequently left or 
formed as an unreacted material or an intermediate. The nitrile or amide can be easily converted into an 
optically active organic acid by hydrolyzing it in the presence of an acid. Namely, any R isomer and S 
isomer or ( + ) isomer and (-) isomer of an organic acid can be prepared in the present invention. When 
either one isomer of an optically active organic acid is to be prepared, an optically active nitrile or amide 
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which is an unreacted material or an intermediate is racemized, e.g., by a reaction using an alkali, such as 
ammonia, and the resulting racemic nitrile or amide can be used as the starting material of the present 
invention. Accordingly, the desired optically active organic acids can be prepared in high yields on an 
industrial scale. 

Amidase. nitrile hydratase or nitrilase isolated from the microorganisms of the present invention have 
such specificity that there is a possibility that the reaction rate will vary greatly with the optical isomer when 
reacted with the racemic nitrile or amide. The present inventors isolated nitrilase or amidase having such 
specificity from the above-described microorganisms. Nitrilase isolated from Acinetobacter sp. AK 226 
strain will be illustrated below by way of example. 

(1) Preparation of the enzyme: 

To prepare nitrilase of the present invention. Acinetobacter sp. AK 226 strain is cultured in the above- 
described medium. The material for accelerating reaction activity is added and the strain is cultured for 1 to 

75 3 days under the above-described culture conditions. 

Nitrilase is recovered from the resulting culture medium and can be purified by conventional enzyme 
purifying methods. Bacteria is collected by centrifugation and disintegrated by an ultrasonic treatment or a 
mechanical means such as daino mill. Solids, such as cell memblens. are removed by centrifugation. The 
resulting crude enzyme is subjected to fractional ultra-centrifugation, salting-out treatment, precipitation 

20 treatment with organic solvents and further purification by means of adsorption chromatography, ion- 
exchange chromatography, and/or gel permeation chromatography. This is described in more detail in the 
example. 



26 



(2) Assay (measurement of titer): 



0.5 umol of potassium phosphate buffer solution (pH 8.0) and 1.34 umol of 2-(4'-isobutylphenyl)- 
propionitrile are added to an appropriate amount of an enzyme solution so as to give a volume of 0.5 ml. 
After the mixture is reacted at 30-C for 30 minutes. 0.1 ml of 80% acetic acid is added thereto to stop the 
reaction. The amounts of 2-(4'-isobutylphenyl)propionic acid and ammonia are measured. The amount of 2- 
30 (4'-isobutylphenyl)propionic acid is measured by means of high performance liquid chromatography wherein 
u Bondapack C18 column is used and a solvent obtained by mixing 0.05 M phosphate buffer solution (pH 
3) with 50% (v/v) of acetonitrile is used. The assay is performed at an absorbance of 254 nm. The amount 
of ammonia formed is measured according to J. Clin. Path .. 13, 156 (1960). 

The amount of enzyme required for forming 1 umol of 2-(4'-isobutylphenyl)propionic acid or ammonia 
36 per one minute is referred to as one unit. 

(3) Properties of the enzyme: 

Nitrilase of the present invention is isolated in a pure form and has the following properties. 
40 (i) Function: One molecule of a nitrile compound is hydrolyzed to form one molecule of an organic acid 

and one molecule of ammonia. 

The reaction rate with the S isomer of racemic 2-(4'-isobutylphenyl)propionitrile is much higher than 
that of the R isomer thereof. Accordingly, optically active S-( + )-2-(4-isobutyl)propionic acid is formed. 
This is described in the example. 
45 (ii) Substrate specificity: 

The enzyme reacts with many nitrile compounds such as aliphatic nitriles and aromatic nitriles given 
in the following Table 2. However, it does not react with compounds having an amino group at the or- 
position. 

50 
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Table 2 



Substrate 


Relative activity (x 10^ %) 


Acetonitrile 


45.3 


n-Butyronitrile 


MA 


n-Capronitrile 


5.93 


iso-Capronitrile 


8.12 


Acrylonitrile 


AAA 

144 


Methacrylonitrile 


68.4 


Hydroxyacetonitrile 


11.4 


Chloroacetonitrile 


108 


2,3-Dibromopropionitrile 


90.3 


Benzyl cyanide 


26.2 


a-Phenylpropionitrile 


0.534 


2-(4'-lsobutylphenyl)propionitri!e 


1.00 


2-Phenylglycinonitrile 


0.000 


Thiopheneacetonitrile 


45.5 


Nicotinonitrile 


52.7 


Benzonitrile 


94.1 


0- T olunitriie 


0 743 


m-Tolunitrila 


74.8 


p-Tolunitrite 


6.57 


m-Nitrobenzonitrile 


47.6 


o-Fluorobenzonitrite 


50.4 


m-Fluorobenzonitrile 


66.8 


p-Fluorobenzonitrile 


83.9 


m-Chlorobenzonitrile 


68.9 


Glutaronitrile 


50.9 


m-Phthalonitrile 


80.7 



<iii) Optimum pH: about pH 8.0 

(iv) pH stability: Stable at a pH 5.8 to 6.7 when treated with a buffer solution having various pH at 60'O 
for 60 minutes. 

(v) Optimum temperature: Maximum effect is obtained at a temperature of about 45 to 60 'C. 

(vi) Absorption spectrum: Maximum absorption spectrum at about 223 nm and 280 nm. 

(vii) Molecular weight: About 580.000 measured by means of high performance liquid chromatography 
with Asahipak GS-620(a product of Asahi Chemical Industry Co., Ltd.) 

(viii) Molecular weight of subunit: 42.000 to 47,000 calculated by electrophoresis of SDS-polyacrylamide 
gel 

As stated above, the above enzyme is a novel nitrilase which reacts with a wide range of aliphatic 
nitriles and aromatic nitriles. Further, the above enzyme has such an excellent effect that 2-(4'-isobutyl- 
phenyl)propionitrile is hydrolyzed with optical specificity when said nitrile is used as substrate. 

The present invention is now illustrated in greater detail by reference to the following examples which, 
however, are not to be construed as limiting the present invention in any way. In the following examples. % 
is by weight unless otherwise stated. 



EXAMPLE 1 



Preparation of S-( + )-a-phenylpropionic acid: 

To 2,000 ml of a sterilized culture medium containing 1% glucose. 0.5% yeast extract. 0.5% peptone. 
0.12% r^ionopotassium phosphate. 0.08% dipotassium phosphate. 0.02% magnesium sulfate. 0.003% 
ferrous sulfate. 0.1% sodium chloride and 0.1% isobutyronitrile and having a pH of 7.2. 2% of Corynebac- 
tetrium nitrilophilus ATCC 21419 strain which was previously cultured on the same medium was inoculated. 
The media was cultured at 32 • C for two days by means of shaking culture. After culture, bacteria (5.2 g; 
dry weight) was collected by centrifugation, suspended in 160 mt of 0.01 M phosphate buffer (pH 8.0) and 
placed in an Erienmeyer flask. 1 .6 g of a-phenylpropionitrile was added thereto and the reaction of the 
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mixture took place while shaking it at 32 'C. After 20 hours, the reaction was terminated and the bacteria 
were removed by centrifugal separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 200 
ml of chloroform was added thereto to extract and remove the unreacted o-phenylpropionitrile. The pH of 
water layer was adjusted to from 1.0 to 2.0 with hydrochloric acid. 200 ml of chloroform was added thereto 
s to extract the desired product. The extract was concentrated under reduced pressure and purified by means 
of a silica gel column (500 mg. adjusted with hexane), eluating with hexane-diethyl ether (95:5 by volume). 
The desired eluate was concentrated under reduced pressure to afford 475 mg of S-( + )-a-phenylpropionic 
acid. 

Specific rotary power: [a]g^ = +75' (C = 1.65 chloroform) 
10 Optical purity was 98% from specific rotary power. TLC chromatography and high performance liquid 
chromatography revealed that the product was single. 

EXAMPLE 2 

75 Preparation of S-( + )-a-phenylpropionic acid: 

In the same way as in Example 1, to 500 mt of the sterilized culture medium 2% of the microorgnism 
which was previously cultured on the same medium was inoculated. The media was cultured at 32'C for 
two days by means of shaking culture. After culture, the bacteria was collected by centrifugal separation, 
20 suspended in 30 ml of 0.01 M phosphate buffer (pH 8.0) and placed in an Erlenmeyer flask. 300 mg of «- 
phenylpropionitrile was added thereto and the mixture was reacted at 32 • C with shaking. 

After removal of the bacteria from the reaction solution by centrifugal separation, extraction with 
chloroform was carried out in the same way as in Example 1 to obtain a-phenylpropionic acid. The optical 
specificity thereof was examined by means of high performance liquid chromatography. The results are 
25 shown in Table 3 below. 

Table 3 



Microorganism 


Reaction time (hr) 


Amount of 
product (mg) 


Ratio of 
S-( + )-a-phenylpropi- 
onlc 

acid/R-(-)-a-phenylp- 
ropionic acid 


Pseudomonas fluorescens NRRL B981 


10 


69 


98/2 


Rhodopseudomonas sphaeroides ATCC 11167 


12 


81 


90/10 


Rhodococcus sp. AK 32 


24 


94 


95/5 


Bacillus subtilis CN5 


8 


98 


98/2 


Mycobacterium sp. AC777 


12 


85 


S-isomer only 


Corynebacterium sp. KO-2-4 


10 


110 


97/3 



The optical specificity was determined using high performance liquid chromatography according to the 
method for analyzing S-(-)-1-(naphtyl)ethylamide [ Journal of Chromatography , 378 , p409~418 (1986)]. 



EXAMPLE 3 

50 Preparation of S-( + )-a-phenylpropionic acid: 

Bacteria were cultured, collected by centrifugal separation, suspended in 30 ml of 0.01 M phosphate 
buffer solution (pH 8.0) and placed in an Erienmeyer flask, as in Example 2. 300 mg of a-phenyl- 
propioniamide was added thereto and the reaction was carried out at 32'C with shaking. 
55 After the bacteria was removed from the reaction solution by centrifugal separation, a-phenylpropionic 
acid was obtained in the same way as in Example 2. Optical specificity was examined by high performance 
liquid chromatography. The results are shown in Table 4 below. 
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Table 4 



Microorganism 


Reaction time (hr) 


Amount of 

pruuuui ^iiiy/ 


Ratio of 
+ ^-ry-nhanvioroDi- 

onic 

acid/R-(-)-a-phenylp- 

rnninnip Apifi 


Doai iHrkmnnac f li irtfAQf^fin^ IFO 3081 


10 


90 


S-isomer only 


Rhodopseudomonas sphaeroides ATCC 11167 


10 


62 


It 


Corynebacterium nitrilophilus ATCC 21419 


6 


97 


98/2 


Rhodococcus sp. AK 32 


18 


72 


93/7 


Bacillus subtilis CN5 


10 


80 


S-isomer only 


Mycobacterium sp. AC777 


6 


106 


99/1 


Pseudomonas fluorescens NRRL B981 


6 


85 


99/1 



EXAMPLE 4 

Preparation of S-( + )-lbuprofen: 

In the same way as in Example 1, to 500 mt of the sterilized culture medium 2% of Acinetobacter sp. 
AK 226 strain which was previously cultured on the same medium was inoculated. The media was cutured 
at 32-C for 35 hours. After culture, the bacteria was collected by centrifugal separation, suspended in 30 
mt of 0.1 M phosphate buffer (pH 8.0) and placed in an Erienmeyer flask. 90 mg of 2-(4'-isobutylphenyl)- 
propionitrile was added thereto and the reaction was carried out at 32-C with shaking. After 16 hours, the 
reaction was terminated and bacteria were removed by centrifugal separation. The pH of the resulting 
supernatant liquid was adjusted to 8.5. 30 mt of chloroform was added thereto to extract and remove the 
unreacted 2-{4'-isobutylphenyl)propionitrile. After the pH of the water layer was adjusted to from 1 .0 to 2.0 
with hydrochloric acid. 30 mi of chloroform was added thereto to extract the desired product. The extract 
was concentrated under reduced pressure and purified by means of silica gel column chloromatography, 
eluting with hexane-diethyl ether (3:1 by volume). The desired eluate was concentrated under reduced 
pressure to give 52 mg of S-( + )-2-(4'-isobutylphenyl)propionic acid. 

[a]2o = + 52.7 • (c = 1 . ethanol) 

Melting point: 49 ' C 

Optical purity was 95% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 

EXAMPLE 5 

Preparation of S-( + )-Naproxen: 

In the same way as in Example 1, to 500 ml of the sterilized culture medium 2% of Rhodococcus sp. 
AK 32 strain which was previously cultured on the same medium was inoculated. The media was cultured at 
32 "C for 30 hours. After culture, bacteria were collected by centrifugal separation, suspended in 30 ml of 
0 1 M phosphate buffer (pH 8.0) and placed in an Erienmeyer flask. 90 mg of 2-(6'-methoxy-^-naphtyi)- 
propionitrile was added thereto and the reaction was carried out at 32-C with shaking. After 30 hours, the 
reaction was terminated and bacteria were removed by centrifugal separation. The pH of the resulting 
supernatant liquid was adjusted to 8.5. 30 ml of chloroform was added thereto to extract and remove the 
unreacted material and by-products. The pH of the aqueous layer was adjusted to from 1.0 to 2.0 with 
hydrochloric acid, 30 ml of chloroform was added thereto to extract the desired product. The extract was 
concentrated under reduced pressure and purified by means of silica gel column chromatography, eluting 
with hexanediethyl ether (7:3 by volume). The desired eluate was concentrated under reduced pressure to 
give 37 mg of S-( + )-2-(6'-methoxy-^-naphtyl)propionic acid. 
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[«]d° = +62.8* (C = 1 , chloroform) 
Melting point: 153*C 

Optical purity was 95% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 



EXAMPLE 6 



Preparation of ( + )-Pranoprofen: 



In the same way as in Example 1, to 500 mi of the sterilized culture medium 5% of Corynebacterium 
sp. KO-2-4 which was previously cultured on the same medium was inoculated. Culturing was conducted at 
32 'C for 35 hours. After culturing. bacteria were collected by centrifugal separation, suspended in 30 mi of 
0.1 M phosphate buffer (pH 8.0) and placed in an Erienmeyer flask. 90 mg of 2-(5H-[1 ]benzopyrano[2.3-b]- 
pyridine-7-yl)propionitrile was added thereto and the reaction was carried out at 32 -C while vigorously 
shaking the mixture. After 24 hours, the reaction was terminated and bacteria were removed by centrifugal 
separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 30 ml of chloroform was added 
thereto to extract and remove the raw nitrile compound and the corresponding amide compound. The pH of 
the aqueous layer was adjusted to from 1.0 to 2.0 with hydrochloric acid and 30 ml of chloroform was 
added thereto to extract the desired product. The extract was concentrated under reduced pressure and 
purified by means of silica gel column chromatography, eluting with hexane-diethyl ether (3:1 by volume). 
The desired eluate was concentrated under reduced pressure to give 42 mg of ( + )-2-(5H-[1lbenzopyrano- 
[2,3-b]pyridine-7-yl)propionic acid [( + )-Pranoprofen]. 

[a]2o = +43.3* (C = 1.0. methanol) 

Melting point: 1 84-1 85 'C 

Optical purity was 96% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 

EXAMPLE 7 

Purification of nitrilase of Acinetobacter sp. AK 226: 

The culture procedure of Example 4 was repeated except that 2 I of culture medium containing 1% 
ammonium acetate in place of glucose was used. 40 g of bacteria was collected by centrifugal separation, 
washed with 0.01 M potassium phosphate buffer solution (pH 6.5) and then suspended in 160 ml of 0.03 M 
potassium phosphate buffer solution (pH 6.5). The suspension was subjected to an ultrasonic treatment (9 
KHz) for 30 minutes to disrupt ceils. The disrupted cells were removed by centrifugal separation (15,000 x g 
for 20 minute) to obtain a cell-free extract. The extract was dialyzed against a 0.03 M potassium phosphate 
buffer solution (pH 6.5) and subjected to centrifugal separation (100.000 x g for 2 hours). The supernatant 
liquid was passed through a DEAE-cellulose column to elute enzyme with a linear gradient of 0.05 M 
potassium phosphate buffer solution (pH 6.5) containing 0 to 0.5 M sodium chloride. Active fractions were 
collected, dialyzed against 0.01 M potassium phosphate buffer solution (pH 6.5) and passed through a 
hydroxyapatite column to elute enzyme with a linear gradient of 0.01 to 0.2 M potassium phosphate buffer 
solution (pH 6.5). Active fractions were collected, dialyzed against 0.03 M potassium phosphate buffer 
solution (pH 6.5) and purified by means of the DEAE-cellutose column and the hydroxyapatite In a similar 
manner to that described above. Active fractions were concentrated by means of ultrafiltration and 
subjected to gel permeation chromatography using Sephacryl S-400 [equilibrated by using a 0.05 M 
potassium phosphate buffer solution (pH 6.5)]. In this way, nitrilase was uniformly purified. The progress of 
the purification is shown in Table 5 below. 
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Table 5 



Stage 



1 . Cell-free extract 

2. Ultra-centrifugal separation 

3. First DEAE-celtulose 

4. First hydroxyapatite 

5. Second DEAE-cellulose 

6. Second hydroxyapatite 

7. Sephacryl S-400 



Total activity (unit) 



156 

131 
69.8 
65.6 
45.6 
33.7 
31.4 



Total protein (mg) 



4400 
3460 
1270 
943 
541 
329 
201 



Specific activity (unit/mg) 



0.0354 

0.0380 

0.0549 

0-0696 

0.0843 

0.102 

0.156 



EXAMPLE 8 



The progress of the formation of S-( + )-lbuprofen: 

Nitrilase uniformly purified in Example 7 was used and the progress of the reaction was examined 

under the following conditions. 

One ml of the reaction solution containing 100 umol of potassium phosphate buffer solution (pH 8.0), 
4.77 umol of 2-(4'-isobutylphenyl)propionitrile and 0.02 unit of nitrilase was thoroughly shaken at 32*C to 
carry out the reaction. The amounts of 2-(4'-isobutylphenyl)propionitrile, 2-{4'-isobutylphenyl)propionic acid 
and ammonia for each reaction time were determined. The results are shown in the Figure. The optical 
purity of the formed S-( + )-2-(4'-isobutylpheny!)propionic acid was 98% for 6 hours. 96% for 24 hours and 
95% for 40 hours. 



EXAMPLE 9 



Preparation of R-(-)-lbuprofen: 

The unreacted 2-(4'-isobutylphenyl)propionitrile extracted with chloroform in Example 4 was con- 
centrated under reduced pressure. To this sample were added 5 ml of deionized water and 5 mt of 
concentrated sulfuric acid. The mixture was reacted at 105 'C with stirring for 7 hours. After the completion 
of the reaction, 20 ml of chloroform was added thereto to extract the desired product. The extract was 
concentrated under reduced pressure and purified by means of silica gel column chromatography, eluting 
with hexane-diethyl ether (3:1 by volume). The desired eluate was concentrated under reduced pressure to 
afford 44 mg of R-(-)-2-(4'-isobutylphenyl)propionic acid. 

[a]20 = .50.0 » (C = 1. ethanol) 

Melting point: 48-49 ' C 

The product had an R isomer content of 95% from specific rotary power. 
Thin layer chromatography revealed that the product exhibited a single spot. 



EXAMPLE 10 



Preparation of S-( + )-lbuprofen: 

Acinetobacter sp. AK 226 strain was cultured in the same way as in Example 4. Bacteria (950 mg: dry 
weight) were collected by centrifugal separation, suspended in 30 ml of 0.1 M phosphate buffer (pH 8.0) 
and placed in an Erlenmeyer flask. 5 ml of hexane containing 1.5 g of 2-(4'-isobutylphenyl)propionitrile was 
added to the suspension and the reaction was carried out at 32*0 with shaking. After 16 hours, the reaction 
was terminated and bacteria were removed by centrifugal separation. The pH of the aqueous layer was 
adjusted to 8.5 by adding 270 ml of water and sodium hydroxide. The hexane layer was removed. Further, 
300 ml of chloroform was added to completely remove the unreacted 2-(4'-isobutylphenyl)propionitrile.The 
pH of the aqueous layer was adjusted to 1.0 with hydrochloric acid. 300 ml of chloroform was added 
thereto to extract the desired product. The extract was concentrated under reduced pressure and purified 
by means of silica gel column chromatography, eluting with hexane-diethyl ether (3:1 by volume). The 
desired eluate was concentrated under reduced pressure to give 670 mg of S-( + )-2-(4'-isobutylphenyl)- 
propionic acid. 
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[a]g? = + 56.0 • (C = 1 . ethanol) 
Melting point: 49-50 * C 

The product had an S isonier content of 98.5% from specific rotary power. 
Thin layer chromatography revealed that the product exhibited a single spot. 

EXAMPLE 1 1 

Preparation of R-(-)-mandelic acid: 

To 100 ml of a sterilized culture medium containing 1% glucose, 0.5% yeast extract, 0.5% peptone, 
0.2% dipotasslum phosphate. 0.1% sodium chloride and 0.003% ferrous sulfate and having a pH of 7.0, 4% 
of Alcaligenes faecalis ATCC 8750 strain which was previously cultured on the same medium was 
inoculated- The media was cultured at 32 • C for two days by shaking culture. After culturing the bacteria (60 
mg; dry weight) was collected by centrifugal separation and suspended in 150 ml of 0.1 M phosphate 
buffer (pH 8.0). 250 mg of mandelonitrile was added to 50 ml of the suspension and the mixture was 
reacted at 32 'C with shaking for 4 hours. The bacteria were removed from the reaction solution by 
centrifugal separation. The pH of the resulting supernatant liquid was adjusted to 8.5. 50 ml of chloroform 
was added thereto to extract the unreacted mandelonitrile. The pH of the aqueous layer was adjusted to 1.0 
with hydrochloric acid. 40 ml of diethyl ether was added thereto to extract the desired product. The extract 
was concentrated under reduced pressure and purified by means of column chromatography on silica gel 
(500 mg, adjusted with hexane). eluting with hexane-ethyl acetate (50:50 by volume). The desired eluate 
was concentrated under reduced pressure to afford 76 mg of R-(-)-mandelic acid. 
[a]25 = -141 • (C = 1, H2O) 
Melting point: 1 30-1 32 'C 
25 The R isomer content was 92.2% from specific rotary power. 

Analysis by high performance liquid chromatography was made according to Journal of C hromatog- 
raphy, 216, 406(1981). It was found that the sample had a R isomer content of 91%. 
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EXAMPLE 12 



Preparation of R-(-)-mandelic acid: 



One liter of the culture medium having the same composition as that of Example 11 was used. To the 
medium, each of Pseudomonas vesicularis ATCC 11426 strain and Candida tropicalis ATCC 20311 was 
35 inoculated. Culture was conducted. The collected cells (1.76 g and 7.14 g; dry weight) were suspended in 
100 ml and 500 ml of 1.0 M phosphate buffer (pH 8.0), respectively. 2.0 g of mandelamide was added to 
100 ml of each suspension. The mixtures were reacted at 32*C for 40 hours under shaking. Insoluble 
matter such as cells were removed from each reaction soution by centrifugal separation. The pH of the 
supernatant liquids were adjusted to 1.0 with hydrochloric acid. 50 ml of diethyl ether was added thereto to 
40 extract the desired product. The extracts were purified in the same way as in Example 11. 

There was obtained 795 mg of R-(-)-mandelic acid from the reaction solution of Pseudomonas 
vesicularis ATCC 1 1 426. 

[a]g^ = -153- (C-1. H2O) 

Melting point: 1 34-1 35 "C 

45 There was obtained 940 mg of R-(-)-mandelic acid from the reaction mixture of Candida tropicalis 

ATCC 2031 1 . 

[c,]25 = -147' (C = 0-5. H2O) 
Melting point: 133-134 'C 

The R isomer contents of the purified samples calculated from specific rotary power were 100% and 
50 98%, respectively. 

EXAMPLE 13 



Preparation of S-(-)-2-chloropropionic acid: 

In the same way as in Example 11. Mycobacterium sp. AC777 was cultured. The bacteria (710 mg; dry 
weight) was suspended in 80 ml of 0.1 M phosphate buffer (pH 8.0). 200 mg of 2-chloropropionitrile was 
added to 20 ml of the suspension. The mixture was reacted at 32 'C for two hours under shaking. Insoluble 
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matter was removed from the reaction solution by centrifugal separation. The pH of the supernatant liquid 
was adjusted with sodium hydroxide to 9. 20 ml of chloroform was added to the supernatant liquid to 
remove the unreacted 2-chloropropionitrile. The pH of the aqueous layer was adjusted to 1 with hydrochlo- 
ric acid. 20 mt of n-butanol was added to said aqueous layer to extract the desired product. The n-butanol 
5 layer was concentrated under reduced pressure and purified by means of column chromatography on silica 
gel (500 mg. adjusted with chloroform), eluting with chloroform-methanol (10:1 by volume). The desired 
eluate was concentrated under reduced pressure to give 59 mg of S-(-)-2-chloropropionic acid. 

[a]g^ - -8.4- (C = 1, H2O) 

The S isomer content calculated from specific 
70 rotary power was 80%. 

High performance liquid chromatography and TLC chromatography revealed that the product was 

single. 
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EXAMPLE 14 



Preparation of S-(-)-2-bromopropionic acid: 



In the same way as in Example 12, Mycobacterium sp. AC777 strain was cultured. The bacteria (710 
mg; dry weight) was suspended in 20 ml of 0.1 M phosphate buffer (pH 8.0). 200 mg of 2- 

20 bromoproptonitrile was added to the suspension. The mixture was reacted at 32 for 30 hours under 
shaking. Insoluble matter was removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 8.5. 20 ml of chloroform was added thereto to 
extract the unreacted 2-bromopropionitrile. The pH of the aqueous layer was adjusted to 1.5 with sulfuric 
acid. 40 ml of n-butanol was added thereto to extract the desired product. The n-butanol layer was 

25 concentrated under reduced pressure and purified by means of column chromatography on silica gel (500 
mg, adjusted with chloroform), eluting with chloroform-methanol (10:1 by volume). The desired eluate was 
concentrated under reduced pressure to give 45 mg of S-(-)-2-bromopropionic acid. 
[ctW = -19.9' (C = 1 , methanol) 

The S isomer content of the product was 86% from specific rotary power. 
30 High performance liquid chromatography and TLC chromatography revealed that the product was 
single. 

EXAMPLE 15 
35 Preparation of ( + )-2-phenoxypropionic acid: 

In the same way as in Example 11, Mycobacterium sp. AC777 strain was cultured. The bacteria (710 
mg: dry weight) was suspended in 100 ml of 0.1 M phosphate buffer (pH 8.0). 100 mg of 2-phenox- 
ypropionitrile was added to 10 ml of the suspension. The mixture was reacted at 32'C for 3 hours under 

40 shaking. Insoluble matter was removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 9. 10 mt of chloroform was added thereto to 
remove the unreacted 2-phenoxypropionitrile and 2-phenoxypropionamide. The pH of the water layer was 
adjusted to 1 with hydrochloric acid. 10 ml of chloroform was added to the water layer to extract the 
desired product. The chloroform layer was concentrated under reduced pressure and purified in the same 

45 way as in Example 1 to give 34 mg of 2-phenoxypropionic acid. In the same way as in Example 2. optical 
specificity was examined by high performance liquid chromatography. It was found that only ( + ) isomer 
was formed. 



EXAMPLE 16 



Preparation of ( + )-2-phenoxypropionic acid: 



In the same way as in Example 11, Rhodococcus sp. AK 32 strain was cultured. Bacteria (270 mg; dry 
weight) was suspended in 100 mt of 0.1 M phosphate buffer (pH 8.0). 100 mg of 2-phenoxypropionamide 
55 was added to 10 ml of the suspension. The mixture was reacted at 32 -C under shaking for 3 hours. 
Insoluble matters were removed from the reaction solution by centrifugal separation. The pH of the 
supernatant liquid was adjusted with sodium hydroxide to 9. 10 ml of chloroform was added thereto to 
remove the unreacted amide. 
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The pH of the supernatant liquid was adjusted to 1 with hydrochloric acid. 10 mi of chloroform was 
added thereto to extract the desired product. The chloroform layer was concentrated under reduced 
pressure and purified in the same way as in Example 1 to give 42 mg of 2-phenoxyproplonic acid. In the 
same way as in Example 2, the optical specificity of this sample was examined by high performance liquid 
chromatography. It was found that only ( + ) isomer was formed. 

EXAMPLE 17 

Preparation of S-( + )-2-phenyl-n-butyric acid: 

150 mg of 2-phenyl-n-butyronitrile was added to 10 ml of a suspension of bacteria of Rhodococcus sp. 
AK 32 strain cultured in the same way as in Example 5. The mixture was reacted at 32 • C under shaking for 
18 hours. Insoluble matters were removed from the reaction mixture by centrifugal separation. The pH of 
the supernatant liquid was adjusted with sodium hydroxide to 8.5. 30 ml of chloroform was added thereto 
to remove the unreacted nitrile and the corresponding amide. The pH of the aqueous layer was adjusted to 
2.0 with hydrochloric acid. 30 ml of chloroform was added thereto to extract the desired product. The 
extract was concentrated under reduced pressure and purified in the same way as in Example 1 to give 64 
mg of S-{ + )-2-phenyl-n-butyric acid. 

[a]^9 = +80.0' (C = 0.9, toluene) 

Optical purity was 93% from specific rotary power. 

TLC chromatography and high performance liquid chromatography revealed that the product was 
single. 

EXAMPLE 18 

Preparation of S-(-)-3-chloro-2-methylpropionic acid: 

In the same way as in Example 11, Mycobacterium sp. AC777 was cultured. 710 mg (dry weight) of 
bacteria was suspended in 100 ml of 0.1 M phosphate buffer (pH 8.0) and placed in Erienmeyer flask. 500 
mg of 3-chloro-2-methylpropionitrile was added to 50 ml of the suspension. The mixture was reacted at 
32 'C with shaking for 4 hours. Bacteria were removed from the reaction mixture by centrifugal separation. 
The pH of the supernatant liquid was adjusted to 1.0 with hydrochloric acid. 30 ml of n-butano! was added 
thereto to extract the desired product. The extract was concentrated under reduced pressure and purified 
by means of column chromatography on silica gel 1 g. adjusted with chloroform), eluting with chloroform- 
methanol (10:1 by volume). The desired eluate was concentrated under reduced pressure to give 243 mg of 
S-(-)-3-chloro-2-methylpropionic acid. 

[„]25 = .-,4 0- (C = 1, MeOH) 

This sample was reacted with (1R, 2R)-(-)-1-(4-nitrophenyl)-2-amino-1 .3-propanediol to amidate (t. The 
amide was analyzed by high performance liquid chromatography [ Chromatographia 24, 477 (1987)]. A 
single peak was found and only S isomer was formed. 

When the present invention is utilized, various optically active a-substituted organic acids can be 
prepared from optically inactive starting materials under normal atmospheric and room temperature reaction 
conditions by using the present microorganisms. Accordingly, the present invention is very economically 
advantageous. 

Further, optically active a-substituted organic acids having an optical purity of as high as at least 80%, 
or as extremely high as at least 90% according to the types of organic acids, can be obtained in high yields 
by the present invention. 

Claims 

1. A process for producing an optically active a-substituted organic acid represented by formula (11). 
comprising the steps of: 

(a) treating a racemic a-substituted nitrile or amide represented by formula (I) with a microorganism 
selected from the group consisting of the microorganisms of genuses Alcatigenes, Pseudomonas, 
Rhodopseudomonas, Corynebacterium sp. KO-2-4 strain (PERM BP-2 353), Acinetobacter, Ba- 
ciltus, Mycobachen'um, Rhodococcus and Candida, or preparations thereof; and 
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(b) recovering the resulting optically active a-substituted organic acid represented by formula (II): 



H 



R 



(I) 



10 R2 



wherein Ri and R2 each represent a halogen atom, a hydroxyl group, a substituted or unsubstituted 
alkyl group, a substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted alkoxy 
75 group, a substituted or unsubstituted aryl group, a substituted or unsubstituted aryloxy group or a 

substituted or unsubstituted heterocyclic group with the proviso that Ri and R2 are different from 
each other; and X represents -CN or -CONH2 



20 



25 



H 

Rl— *C— COOH 



wherein Ri and R2 are as defined above. 

30 

2. Corynebacterium sp. KO-2-4 strain (PERM BP-2353) 

3. Bacillus subtUis CN5 strain (PERM BP-2354). 

35 4. Mycobacterium sp. AC777 strain (PERM BP-2352). 

5. A nitrilase not reacting with compounds having an amino group at the alpha-position and isolated from 
Acinetobacter sp. AK226 strain (PERM BP-2451) which can convert a racemic a-substitutednitrile into 
an optically active a-substituted organic acid in a process according to claim 1 . 

40 

6. The process according to claim 1 . wherein said alkyl group has from 1 to 8 carbon atoms, said alkoxy 
group has from 1 to 8 carbon atoms, said cycloalkyi group has from 3 to 8 carbon atoms, said aryl 
group is phenyl and naphthyl, said aryloxy group is phenyloxy and naphthyloxy, and said heterocyclic 
group contains one or more hetero-atoms selected from the group consisting of nitrogen, oxygen and 

45 sulfur, and has from 3 to 15 carbon atoms. 

Patentanspriiche 

1. Verfahren zur Herstellung einer optisch aktiven o-substituierten organischen Saure der Pormel (II) mit 
50 den Stufen: 

(a) BehandeIn eines racemischen a-substituierten Nitrils oder Amids der Pormel (I) mit einem 
Mikroorganismus aus der durch Mikroorganismen der Gattungen Alcaligenes, Pseudomonas, Rho- 
dopseudomonas, Corynebacterium sp. Stamm KO-2-4 (PERM BP-2 353), Acinetobacter, Bacillus, 
Mycobacterium, Rhodococcus und Candida oder ihren Zubereitungen gebildeten Gruppe; und 

55 
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(b) Gewinnen der resultierenden optrsch aktiven a-substituierten organischen Sauren der Formel (II) 



H 



R2 



(I) 



Rl 4 COOH (II) 

R2 



worin Ri und R2 jeweils ein Haiogenatom, eine Hydroxylgruppe, eine substituierte oder unsubstitu- 
ierte Alkylgruppe, eine substituierte Oder unsubstituierte Cycloalkylgruppe, eine substituierte oder 
unsubstltuierte Alkoxygruppe, eine substituierte oder unsubstituierte Arylgruppe. eine substituierte 
Oder unsubstituierte Aryloxygruppe oder eine substituierte oder unsubstituierte lieterozyklische 
Gruppe mit der MaBnalime darstellen, daB Ri und R2 voneinander verscliieden sind; und X -CN 
Oder -CONH2 bedeutet, worin Ri und R2 die vorstehenden Bedeutungen besitzen. 

2. Corynebacterium sp. Stannm KO-2-4 (PERM BP-2353). 

3. Bacillus subtilis Stamm CN5 (PERM BP-2354). 

4. Mycobacterium sp. Stamm AC777 (PERM BP-2352). 

5. Nitrilase, die nicht mit Verbindungen mit einer Aminogruppe in a-Stellung reagiert. und von Acinetob- 
acter sp. Stamm AK226 (PERM BP-2451). der ein racemisches a-substituiertes Nitril in eine optisch 
aktive a -substituierte organische SMure im Verfahren gemaS Ansprucli 1 uberfuhren kann. 

6. Verfahren nach Anspruch 1, worin die Alkylgruppe 1 bis 8 Kohlenstoffatome, die Alkoxygruppe 1 bis 8 
Kohlenstoffatome und die Cycloalkylgruppe 3 bis 8 Kohlenstoffatome besitzt. die Arylgruppe Phenyl 
Oder Naphthyl ist, die Aryloxygruppe Phenyioxy oder Naphthyloxy ist und die heterozyklische Gruppe 
ein Oder mehrere Heteroatome aus der durch Stickstoff, Sauerstoff und Schwefel gebildeten Gruppe 
enthalt und 3 bis 15 Kohlenstoffatome besitzt. 

Revendlcations 

1. Proc666 pour produire un acide organique a-substitu^ optiquement actif repr^sent^ par la formule (II), 
comprenant les 6tapes de : 

(a) traitement d'un amide ou d'un nitrile substitu^ en a rac^mique repr6sent6 par la formule (I) avec 
un microorganisme choisi dans le groupe consistant des microorganismes des gfenes Alcaligbnes, 
Pseudomonas, Rhodopseudomonas, souche Corynebacterium sp. KO-2-4 (PERM BP-2 353). 
Acinetobacter, Bacillus, Mycobacterium, Rhodococcus et Candida, ou leurs preparations ; et 

(b) recuperation de I'acide organique a-substitue optiquement actif resultant represents par la 
formule (11) : 
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ou Ri et R2 repr^sentent chacun un atome d'halogdne. un groupe hydroxyle, un groups alkyle 
substitu^ ou non substitue, un groupe cycloatkyle substitue ou non substitu^. un groupe alcoxy 
substitue ou non substitue, un groupe aryle substitue ou non substitue, un groupe aryloxy substitu^ 
ou non substitue ou un groupe heterocyclique substitue ou non substitue avec la condition que Ri et 
R2 sont diff^rents I'un de I'autre ; et X represente -CN ou -CONH2 



I 

20 Rx — *<j — coon jjij 

^'2 



25 

ou Ri et R2 sont tels que definis ci-dessus. 
2. Souche Corynebacterium sp. KO-2-4 (PERM BP-2353). 
30 a Souche Bacillus subtilus CN5 (PERM BP-2354). 

4. Souche Mycobacterium sp. AC777 (PERM BP-2352). 

5. Nitrilase ne r^agissant pas avec des composants ayant un groupe annino en position alpha et isol^e k 
35 partir de la souche Acinetobacter sp. AK226 (PERM BP-2451) qui peut convertir un nitrile substitu^ en 

a racemique en un acide organique a-substitue optiquement actif dans un precede selon la revendica- 

tion. 

6. Precede selon la revendication 1 ou ledit groupe alkyle a de 1 a 8 atonnes de carbone, ledit groupe 
40 alcoxy a de 1 ^ 8 atomes de carbone, ledit groupe cycloatkyle a de 3 a 8 atonnes de carbone, ledit 

groupe aryle est un ph^nyle et un naphtyle, ledit groupe aryloxy est un ph§nyloxy et un naphthyloxy, et 
ledit groupe hdterocyclique contient un ou plusieurs h^teroatomes choisis dans le groupe consistant de 
I'azote. de I'oxygene et du soufre, et a de 3 ^ 15 atomes de carbone. 
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FIG. 
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